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ISOLATION OP THE NICOTINAMIDE FORMED FROM 
ASPARAGINE AND GLUTAMIC ACID 

Bt MARIANNA R BOVARNICK 

(From the Divtston of Laboraionea and Research, New York Stale Department of Health, 

Albany) 

(Received for publication, December 21, 1943) 

The formation in heated mixtures of asparagine and glutamic acid of a 
substance that shows certam biological and chemical properties of nico- 
tinamide uas reported m earlier papers (1-3) This substance has now 
bebn isolated and identified as nicotinamide itself 

EXPERIMENTAL 

The optimal conditions pieviously described were followed m cairjmg 
out the reaction between asparagine and glutamic acid on a relatiiely 
large scale, a solution containing 50 gm per liter of each of the two 
ammo acids and 0 15 gm per liter of MnSOi dHjO was heated in a w ater 
bath ivith aeration for 9 days The solution was then concentrated tn 
vacuo to about one-quarter of its origmal volume and extracted with 
ether for 48 hours The ether extract w as dried, taken up in a small volume 
of 0 05 M phosphate, pH 7, filtered, and agam extracted mth ether for 48 
hours After removal of the soh ent from the second ether extiact, a heavy 
blown oil lemamed 

The vaiious fiactions obtained in this procedure were assajed for nico- 
tinamide actniti' by the method pieviously described (3) that was based 
on the growth of Bacterium, dysentenae In a tjqiical run, starting w itli 1 
liter of asparagme-glutamate solution, 66 2 mg of nicotinamide were 
foimed After the first ethei exti action 0 8 mg (1 2 per cent) remained m 
the w ater solution and after the second, 3 6 mg (5 4 per cent) , the second 
ethei extract contained 57 2 mg (86 pei cent) The apparent loss of 7 4 
per cent is withm the limits of erior of the assaj^’s The total drj w eight of 
the second ether extract w as 125 mg 

Because of the large amount of ammo acids required foi this pieparatii e 
work, commercial ammo acids were used Prenous w'ork had sliowni that 
mcotmamide activity is formed not only from the higlih purified natural 
ammo acids, but also from the synthetic compounds (1) Assat of an 
ether extract of an unheated control solution of the commercial aspaiagme 
and glutamic acid showed that less than 0 01 mg per liter of nicotinamide 
w as present 

For further purification, the combined crude concentrates from sei oral 

1 
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runs, containing in all 345 mg of nicotinamide by assay, n ere dissolved m 
dilute phosphate, pH 7, and extracted vith ether for 24 hours The 
extracted material n as dried and then refluxed vith about 80 ml of boding 
benzene for 20 mmutes After the solution nas decanted, filtered, and 
cooled, a mixture of yellow oil and cr 3 fstals separated This material nas 
extracted agam mth hot benzene, about 20 ml being used for 60 mg The 
benzene solution vas concentrated to about 8 ml and allowed to cool 
The resultmg precipitate was twice recrystalhzed by the same procedure 
and finally yielded 36 mg of white crystals that melted at 125-126° 
These were sublimed m vacuo at 95° and the sublimate was lecrjstallized 
once more from benzene Yield 27 5 mg , m p 126-127°, m p , mixed woth 
commercial nicotinamide, 126-127° 

Analysts — Found, N 23 26,, theory, N 22 95 

Rew orking of the insoluble residues from the benzene extraction of the 
mother liquors b 5 ’' reextraction from water, followed by repeated re- 
crj'stallizations from benzene, or by alternate recrystallization and sub- 
limation, jnelded a further 176 mg of ciystals wnth a melting point of 
125-126° A total of 212 mg of nicotinamide, or 61 per cent of the esti- 
mated nicotinamide content of the crude starting material, w'as isolated in 
pure form 

The hydrochloiide was prepaied by the addition of an excess of alcoholic 
hjdrochlonc acid to a 10 per cent alcoholic solution of this material and 

as recrystalhzed once from alcohol M p 226 5-227°, m p , mixed ivith 
hydrochlonde prepared from commercial nicotinamide, 226-227° 

Anafi/sis— Found C 45 6, H 4 25, N 17 47, Cl 22 16 
Theory “ 45 45, " 4 45, " 17 66, “ 22 36 

The chloroaurate was prepared as described by Elvehjem et al (4) 
M p 204-205°, m p , mixed with chloroaurate prepared from commercial 
nicotinamide, 204-205° 


DISCUSSION 

These experiments demonstrate conclusively that mcotmanude is formed 
m the reaction between asparagme and glutamic acid Since over half of 
the amount expected from biological assays w as isolated by a method that 
involved repeated fractional recrystallizations, and smce chemical and 
biological analyses of the crude ether-extractable material were m complete 
agreement, the evidence appears defimte that the nicotmamide produced is 
responsible for all of the observed biological activity 

The active products formed when certam other ammo acids (3) are heated 
with asparagine have not been isolated How ever, chemical analysis of the 
ether-soluble matenal from the reaction between methionme and aspara 
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gine indicated that in this instance also nicotinamide nas produced (2) 
In nen of the certamty that nicotinamide is the pioduct in one case, and 
the probability that it is in another, and considering the well knoim 
biological specificity of this grondh factor (5-7), there seems httle doubt 
that in all of the reactions described in an earlier publication (3) between 
asparagine and other ammo acids the biologicall 5 ’' actii e substance formed 
IS the same 


SUMMABY 

The mcotinamide-like substance that is produced nhen asparagme and 
glutamic acid are heated together has been isolated and identified as 
nicotinamide 

The author is mdebted to Mr William Saschek of Columbia University 
for the microanalyses herein reported 
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STUDIES OX I HE HEMORRHAGIC &^VEET 
CLOVER DISEASE 

XIII ANTICOAGULANT ACTIVITY AND STRUCTURE IN' THE 
4 HYDROXYCOUMARIN GROUP* 

Bv RALPH S OVERMAN, MARK \RNOLD STAHMANN, CHARLES FERDI- 
NAND HUEBNER, WILLI/VM R SULLIVAN, LEON\RD SPERO 
DAVID G DOHERTY, MIYOSHI IIGVWA, LLOID GR\r, 

SAUL ROSEMAN, and KARL PAUL LINK 

(r rom the Department of Biochemistry, IFioconsm Agricultural Fiperimcnt Station, 
University of Wisconsin, Madison) 

(Received for publication, December 6, 1043) 

Shortly after it it as established that 3,3'-mcthylcnebis(4-h\dro\vcou- 
mann) is the eausativc agent of the hemorrhagic succt clotcr disease of 
cattle (Apnl, 1940), it \ias found that the hypoprothrombincmia that 
charactenzes tlus disease could also be induced by analogous compounds 
(1-3) 

In a preliminary announcement made in Februarj, 1942 ((3) p 953), 
no outlined the scope of CNpcnmcnts under nay designed to shon the rela- 
tionship of structure in the 4-hydro\ycoumann group to hv poprothrom- 
bincmia-inducing (anticoagulant)* capacity In the interim nork by 
Jansen and Jensen (4), Lehmann (5), and Fantl (C) has a])pcared nhich 
reports on the activity of tnchc of the compounds included in this study 
Although the methods of assaj and of expressing the results used b\ them 
differ from ours, the results arc quahtativcly in agreement 

Practically all of the bis 4-hydroxycoumanns and their dcrivatii es, as 
nell as most of the 4-hydro\ycoumann compounds used in this stud\ were 
svmthcsized by methods desenbed in a recent senes of papers (7-12) 

Assay Method 

The methods used have been described in previous papers of this senes 
((13), (3) specifically pp 943-914) All the assays were made with 
standardized, susceptible rabbits, 2 to 3 years old, weighing about 2 5 
kilos Only those rabbits were used that showed an increase m the pio- 

* Published with the approval of the Director of the Wisconsin Agricultural 
E\porimcnt Station and supported since July, 1910, through special grants from the 
Graduate Research Committee of the University, OtTice of Dean E B Fred, and the 
ttisconsin Alumni Research Foundation 

' Tlie term anticoagulant is used in the general sense that 3,3' methylenebisG hv 
drovycoumarin) is an agent whieli, after action in vivo, impairs or prevents the cosgu 
lation of blood It and the other compounds included in this studv do not affect the 
clotting power when added in i ilro to blood or plasma 

5 
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thrombin tune of the 12 5 per cent plasma (1 part of plasma, 7 parts of 
sahne solution) greater than 20 seconds 72 houis after feedmg 2 5 mg of 
3,3'-methj]enebis(4-hjdro\TCOumann) The assa}' rabbits were le- 
standardized penodicallj 

Each compound Mas fed m gelatm capsules to a minimum of three lab- 
bits at three or moie of the follomng lev els 2 5, 5 0, 50, 200, and 500 mg , 
and blood samples weie taken for the prothrombm determmation 24, 48, 
and 72 hours after administration Unless othenvuse mdicated the tune of 
maximum increase m as 72 hours aftei feedmg the compounds 

The av erage increase m the prothrombm time of the 12 5 per cent plasma 
ov er normal was tabulated for each level and fiom the data an abbreviated 
and more useful expiession, the relative anticoagulant mde\, nas calculated 
This mdev sen es as an approximate basis for the comparison of activity 

The relative anticoagulant mdex is defined as the seconds mcrease m 
prothrombm time X 0 0186 per imu of test compound The factor 0 0186 
is included to make the mdex of 3 ,3'-methj lenebis(4-hydroxycoumann), 
the reference standard, equal to 100 at the dose of 0 75 mg Thus 1 5 mg 
of 3,3'-methv4enebis(4-hjdroxycoumann) prolong the prothrombin tune 
of the 12 5 per cent plasma 19 seconds (Table I) and the mdex is (19 X 
0 0186 X 336)/l 0 = 79 336 is the molecular neight of 3,3'-methylene- 
bis(4-hj droxv coumann) 

This index is a measure of the eflSciency of the anticoagulant Smce the 
efficiency of action is deci eased at low' lev^els by a threshold effect and at high 
levels by incomplete absorption, a certam dosage level vvull give the maxi- 
mum index ((3) Fig 1, p 944) The v'anance of the relative anticoagulant 
mdex of 3, 3'-methylenebis(4-hydroxj coumann) for seven different dosage 
levels IS shown m Table I Each dose was fed to eight or more rabbits a 
muumum of slx times 

It IS evident that the most efficient dose is 0 75 mg , the index bemg 100 
The standard error foi the increase m piothrombm tune ovei normal at 
each of the dosage levels (Table I) gives an indication of the v^anation be- 
tw een these and all subsequent assays For all the other compounds tested 
only the maximum mdex and the level at which it occurred are given m 
Tables II to VIII Smce the detectable dose of 3,3'-meth3lenebis(4- 
hydroxj'coumann) is about 0 40 mg in the rabbits used in this work, doses 
higher than 500 mg were usually not tested, because it is arbitrarily con- 
sid^ered that, to be biologicallj’- significant, actmty of a smgle oral dose 
should be detectable at that lev^el 

Anticoagulant Actmty of Various Classes of Compounds 

Bis- 4 -hydroxycoumanns — The condensation of 2 moles of 4-hydroxj- 
coumann with aldehjdes (8) has provided a senes of bis-4-hydroxy- 
coumarns that differ from the parent substance 3,3'-meth3'lenebis(4- 
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hj droxycoumann) in that the methylene group has 1 hjdrogen atom 
substituted by an alkyl or aryl group These compounds are represented 


Table I 

Anticoagulant Activity of 3,3'-Methylenebis(i-hydroxycoumarin) at Different Dosage 

Levels 


3 3 Methylenebi^ 

(4 hydroxycoumarin) 

Increase m prothrombin tune over 
normal, and standard error 

Relative anticoa^lant index 
and standard error 

m 


sec 


0 37 

3 5 

±15* 

59 ±25 


12 

±3 4t 

100 ±28 


19 

±4 It 

79 ± 17 


37 

±2 9t 

78 ± 6 

6 00 

57 

±8 St 

59 ± 9 

50 0 

65 

±9 Ot 

8± 1 

200 0 

83 

±2 8t 

3 ± 0 1 


* Maximum increase 24 hours after feeding 
1 48 hours after feeding 
t 72 hours after feeding 


1 

2 

3 

i 

5 

6 

7 

8 
9 

10 

11 


12 


13 

U 

IB 

16 

17 

18 


Table II 

Anticoagulant Activity of Bis-4-hydroxyeoumanns 



Relative 

Dosage for 

Compound 

anticoa^lant 

maximum 

index 1 

index 

3 , 3'-Methylenebi3 (4-hydroxyooumarin) 

100 

r-S 

0 75 

3,3' Ethylidenebis(4 hydroxyooumarin) 

I 24 

5 0 

3 , 3'-Propyhdenebia (4 hydroxyooumarin) 

' 32 

5 0 

3 , 3'-Butylidenebis (4 hydroxyooumarin) 

1 8 6 

5 0 

3 , 3'-Isobutylidenebis (4-hj droxycoumann) 

2 4 

50 

3 , 3'-PentyIidenebis (4 hydroxycoumann) 

! 3 5 

200 

3 , 3'-lBopentyhdenebis (4 hydroxycoumann) 

1 5 

50 

3,3'-Hexylidenebis(4 hydroxj coumann) 

3 0 

200 

3,3'-Benzylidenebis(4-hydroxycoumonn) 

0 4 

500 

3,3'-(p-Methoxybenzylidene)bis(4 hydroxycoumann) | 

3,3'-(p-Hydroxy-m methoxybenzylidene)bis(4-hydrox} - ] 

0 2 

500 

coumann) | 

3,3'-(m,p MethyIenedioxybenzjlidene)bi8(4 hjdroxj- ‘ 

0 4 

500 

500 

coumann) 

3,3'-(p Dimethylaminobenzylidene)bis(4 hydroxj cou- 

0 9 


marin) 

03 

500 

3,3'-Phenylethylidenebis(4 hj droxi coumann) 

t 1 1 

200 

3, 3'-Phenylpropylidenebis(4-hjdroxx coumann) 

' 1 3 

200 

3 , 3'-Carboxj methylenebis (4 h j droxj coumann) 

0 2 

200 

3,3',3",3"'-Adipy]idenetetrakis(4-hjdrox}coumarin) 

' 

500 

3,3'-Thiobis(4 hydroxycoumann) 

5 3 

5 0 
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by the general formula (I) The anticoagulant activity of this senes is 
given m Table II 

r 



1 (D 


All the comparisons of activity are made with 3,3'-methylenebis(4- 
hydroxycoumann) which henceforth will usually be designated as 1 
Likewise the numbers m itahc type mil be used m the text to refer to the 
compounds hsted in Tables II to VIII For example, the maximum mdex 
for 1 is 100 and for 5 is 3 Then 8 is 3/100 or approximately 1/30 as active 
as 1 It is to be emphasized that the maximum mdex of each compound is 
taken for the companson The formula of 1 and all other 4-hydroxy- 
coumanns is given only in the enol foim 
As the hydrogen atom on the methylene group is substituted by a 1 
r> . or a 2 carbon atom lesidue, 8 and S, the activity decreases to § that 
i , a 3 carbon cham, 4, decreases it to 1/10 and a 4 or 5 carbon cham, 6 
1 8, to 1/30 that of 1 

Branchmg m the carbon cham, 5 and 7, decreases the activity to about ^ 
that of the corresponding straight cham compound The mtroduction of 
a phenjl group, 9, on the methylene carbon bndge reduces the activity to 
1/300 that of 1 Substitution mto this aromatic group of hydroxyl or 
ammo residues, 10, 11, 18, and IS, affects the activity of the parent sub- 
stance, 9, only shghtly WTien the phenyl group is located farther from the 
bndge methylene carbon as m 14 and IS, the activity becomes greater than 
m the parent substance 9 Substitution of a carboxyl group on the 
methylene bndge, 16, greatly mcreases the solubihty but the activity 
decreases to 1/500 that of 1 

When 2 molecules of 1 are jomed through their methylene groups by a 
4 carbon atom bndge, 17, the activity decieases to 1/1000 that of 1 In 



17 
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18 

3,3'-thiobis(4-hydroxycouinanii), 18, the methylene group of 1 has been 
replaced by a sulfur atom This compound exhibits 1/20 the activity of 1 
When monoesters, orgamc or morgamc (II), and monoglucosides of the 
bis-4-hydroxycoumanns are neutralized, immediate formation of the 
biologically mactive anhydride compounds (III) occurs (9, 12) Smce 
conjugations with sulfunc acid or d-glucuromc acid are routes for the de- 
toxication of enols tn mvo, it is conceivable that the bis-4-hydroxycou- 
marins might be mactivated via this mechanism Anhydride formation 


R' 



(II) (III) 


IS facihtated by the substitution of the methx lene carbon atom (9) De- 
hydration proceeds most readily m compound 9, vhich is also the most 
inactive compound of its class Hence, efficient, rapid detoxication na 
anhydride formation may account for the deciease m anticoagulant actmtj 
of the bis-4-hydroxycoumanns as the methj lene caibon atom is substituted 
S-Suhsliluled 4-Hydroxi/coiimaruis — ^3 ,3'-Methj lenebis(4-hj droxycouma- 
nn) is a 3'Substituted 4-h> droxycoumaim in vhich the substituent group 
contams another 4-hjdio\j'coumann residue In viev of this, a number 
of 3-substituted 4-hj droxj coumanns n ere prepared (7) The anticoagu- 
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lant activity of these compounds is given m Table III They have the 
general structure of (IV) The highest activity among the simple S-alkjI- 
and 3-aiyl-4-hydroxTcoumanns is exhibited by 3-he\adecyl-4-hydroxj- 


Table III 

Anticoagulant Activity of S Substituted 4-Hydroxycoumanns 


Compound 

Relative 

anticoagulant 

index 

Dosage for 
maximum 
index 

19 4-Hydroxycouinann 

0 12 

mg 

200 

SO 3-Methyl-4 hydroxycoumann 

0 10 

500 

SI 3 EthyJ-4 hjdrovjcoumnnn 

0 05 

1000 

SS 3-Propy}-4-hydrox} coumann 

0 OS 

500 

SS 3-lBQpropyl-4 hjdroxj coumann 

0 OS 

500 

S4 3 Butjl-4 hydroxycoumann 

0 09 

200 

SS 3-Amyl-4-hjdroxj coumann 

0 24 

200 

SS 3-He\adecyI-4 hydroxycoumann 

1 5 

SO 

S7 3 Phenyl 4 hydroxy coumann 

1 2 

50 

SS 3 Benzyl 4 hydroxycoumann 

1 1 

50 

S9 3 Acetyl-4 hydroxycoumann 

1 0 

50 

30 3 Benzoyl-4 hydroxycoumann 

Inactive at 

500 

51 3 Carboethoxy -4 hydroxycoumann 

0 12 

200 

3S 3 Cyano 4 hydroxycoumann 

Inactixe at 

600 

SS 3 [6 Oxo(l)benzopyrano(4 3 b)(I)benzopyran 7 y 11-4- 
hydroxy coumann 

6 5 

50 

34 3 [6 Oxo 10 hydroxy {I)faenzopyrano (4 3 b)(I)bcnzo- 
pyran 7 yll-4 hydroxycoumann 

Inactive at 

500 

S$ 6 0\o 7-benzoyInietliji(I)benzop3rano(4,3 b)(l}ben- 
zopj ran 

4( if 

500 

3$ G O\o 7 salicyljlmetlnI(l)ben2opjrano(4,3 b)(l)ben- 
zopyran 

0 11 

600 

37 3 Oximino-4 hydroxycoumann 

Inactix e at 

500 

38 3-Nitro-4 hydroxycoumann 

a ti 

600 

39 3 Bromo 4 hydroxy coumann 

If ff 

500 

40 3 (a Methyl 3 acetylethyl) 4 hydroxycoumann 

0 8 

60 

41 3 (a Phenyl 3 benzoxletIiyl)-4 hydroxycoumann 

6 0 

5 

4S 3 (o Phenyl 3 acety lethal) 4 hydroxycoumann 

21 

6 

43 3-la-(7) Metho\jphen\l) /3 acetylethyl 1-4 hydro\ycou- 
raann 

50 

5 

44 3 lo (p Hydroxy m methoxy phenyl) P-acetylethyll 4- 
hydroxycoumann 

12 

5 


coumann, 26, 3-phem 1-4-hx diovjxoumann, 27, and 3-benzjd-4-hydro\i- 
coumann, 28 The\ are about 1/80 as potent as 1 As the size of the 
3-substituent decreases, the activity is reduced I-H} drowcoumann, 19, 
has 1/800 the actmti of 1 hlinimum actn itj in this class is reached v jth 




OVBRMi^f, STlHAIAim, HUEBNER, SULLIVAN, SPERO, 
DOHERTY, IKAWA, GRAF, EOSEMAN, LINK 


11 


3-ethyl-4-hydroxycoumarm, 21, and 3-propyl-4-hydroxycouinann, 28 
It should be indicated that the maximuin activity of compounds 19 to 29 
in this class is usually reached 24 hours after administration and normal 


Table IV 

Anttcoagulani Activity of Esters, Ethers, and Acetals of 4-Hydroxycoumarins 
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A noteworthy compound in this group winch e\hibjts a relativeh-- high 
activity, yi5 that of 1, is 3-[6-o\o(l)benzopyrano(4,3-fa)(l)ben2opyraii- 
-yl]-4-hydro\ycouinann, SS The large side group in the 3 position in 


H 



O 

Sff 


this compound consists of tw o fused benzopjTan nags The introduction 
of a h>dro\yl into this complex 3-substituent, 34, causes inactivation 
That SS IS active by xirtue of being a 3-substituted 4-hydro\ycouniann 
becomes evident b5^ the mactn itj of SS and the very low activity of 36, 
each of which contains the two fused henzopyrm nngs of SS but lacks the 
4-hydro\ycoumann residue 

3-C>ano-4-hydrox\coumann, 32, S-oximino-t-hydroxycoumann, 37, 
3-nitio-4-hvdro\ycoumann, SS, and 3-bromo-4-hydro\ycoumann, S3, 
are all inactive at the 500 mg lex el 

A number of 4'h} droxx coumanns contaimng a more complex 3-substit- 
uent were lealized thiough a Michael type of condensation of 4-hydroxy 
couinann xnth a,d-unsaturated ketones (11) The 3 substituent contains 
a keto group in a 1,5 arrangement xxnth respect to the 4-hydroxy group 
These compounds tj pified bx 40, as indicated bj the parts of the formula 
in bold-faced type, haxe a configuration in common inth the monoketo 
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tautomer of 1 (V) The potency of this class of compounds approaches 
that of 1 Compound Jfi shows 1/100 and 41 , 1/15 of the activity of 1 


H O 

O H 


H 

O 


OX"' 




40 


( 2 ) 


Several compounds analogous to 3-(a-phenyl-i3-acetylethyl)-4-hydrovy- 
coumarm, were tested The activity of is i that of 1 Compound 
43 with a methoxyl substituted on the a-phenyl group is | as active as 1 
IVhen a methoxyl group and a hydroxyl group are present as substitu- 
ents, 44, the activity is | that of 1 

3-(a-Phenyl-)3-sahcylylethjl)-4-hydroxycoumarm, 76, derived from 3,3'- 
benzyhdenebis(4-hydroxycoumarm), 9, by decarboxylation, exhibits 1/100 
the activity of 1, while 9 is 1/300 as active as 1 Thus m 5 a phenyl group 



on the a-carbon to the 4-h} droxycoumarin moietj profoundly diminishes 
the activity, while a phenvl group situated in the same position in these 
condensation products of the IMichael tj’pe does not reduce the actinti 
This may be accounted for bi the fact that 9 may be readilj detoxified b} 
anhydnde formation to 90 Anhj dnde formation of the Michael tiTie of 
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condensation products has not been reabzed ^n vitro, so it is conceivable 
that they could not be detoxified readily zn mvo by this route 

Esters, Ethers, and Acetals of 4-Hydroxxjcoumanns — ^Among the diesters 
(Table IV) of 1 (VI), the acetate Jf5, propionate J^6, n-butyrate 47, iso- 
butyrate 48, and sahcjlate 55 are the most potent, shoivmg about 1/30 
the activity of the parent substance Diesters of the higher straight cham 
ahphatic acids show progressively less potency as the chain length is in- 
creased The diheptanoate of 1, 5;?, IS maetive Esters of branched chain 
acids are less effective than the corresponding straight cham esters The 
highly branched ditnmethylacetate, 53, is inactu e at 500 mg 

Among the ethers, the dimethyl ether of 1 is about 1/100 as active as the 
parent substance At loiv levels, as previously reported (1), this denvatue 
IS mactive, the 200 mg lei el bemg the lowest at which activity is mani- 
fested The monomethyl ethei of 1, 58, shows 1/20 the activity of the 
parent substance 

The reduced potencies of the diesters and diethers of 1 and the greater 
activity of the monomethyl ether, 58, over the dimethyl ether, 59, mdicate 
that the enohc hj droxyl groups are involved m producing the anticoagulant 
effect The mci eased lag penod before the esters and ethers show their 
maximum action and the inactiv itv' of the branched cham and higher esteis 
suggest that these compounds act as anticoagulants after conv'ersion by 
hydrolj'sis tn vivo to the parent substances Chemical studies mdicate that 
the disalicylate of 1, one of the more active esters, is verj’’ readily hv- 
drolyzed (10) This ease of hydiolvsis is the piobable cause of the large 
diffeience m actmty between the structumllv similar disahcylate, 55, and 
dibenzoate, 54, of 1 

Among the cj clic acetals of the IMichacl tj'pe of condensation product';, 
65 shows t and 66, J the activitv of the st might chain parent compounds 
43 and 44 In contrast 63, the cj clic methj 1 acetal of 48 , is about 3 times 
as active as 48 It is to be noted that 63, the cj chc acetal of 3-(a:-phenvl- 
j3-acetylethyl)-4-hydro\ycoumann, ^2, is | as active as 1, and rates second 
in activity among the compounds mcluded m this study The mci eased 
activity of 63 over 42 can be rationalized m seveial ways Compound 63 


R 

I 

C=0 

o 




R 

I 

c=o 

1 

o 

/\/\ 




o o 

(VI) 
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may possess this high activity -per se, or 63 after a more efficient adsorption 
than 4^ is hydrolyzed to the fairly potent parent In vitro, these cyclic 
acetals can be readd}”^ hydrolj zed with acids to their parent products (11) 

Table V 

Anticoagulant Activity of Benzenotd Substituted 4 Hydroxycoumanns 


Kelattve Dosage for 
Compound anticoagulant maxunum 

index index 


ml 

67 3, 3'-Methylenebis (4-hydroxy -6-methylcouinann) Inactive at 200 

68 3,3'-Methylenebis(4-hydroxy-7-methylcouinann) “ “ 200 

69 3,3'-Methylenebis(4-hydroxy-8 methylcoumann) 1 1 200 

70 3,3'-Methylenebis(4-hydroxy-6,7-benzocoumann) Inactive at 200 

71 3,3'-Methylenebi3(4-hydroxy-6 bromocoumann) “ “ 200 

73 3,3'-Methylenebi8(4,6 dibydroxycoumann) “ " 200 

73 3,3'-Methylenebis(4,7-dihydroxycoumarin) “ “ 200 

74 3-Phenyl-4 hydroxv-6 bromocoumann 0 9 500 

75 4-Hydroxy 6-methylooumann Inactive at 200 


Benzenoid-Siibstituted 4-Hydroxycoumanns — Of the benzenoid-substi- 
tuted methyl homologues of 1 only 69 shovs slight actmt 5 ’- (Table V) 
Fusion of another benzene nng to the 4-hydro\j coumarin residue, 70, 
results m mactivation 


H H H H 



CH, 


CH, 


69 


70 
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Intioduction of a hydioxyl m the benzene nngs of 1 as illustrated by 
destroys the activity, 7S is also inactive The 6-bromo derivative, 71, is 
inactive, but in contrast 3-phenyl-4-hydro\y-6-bromocouinann, 74, shovs 
1/100 the activity of 1 The lack of significant potency in this senes indi- 




^fktes clearly that this slight modification in the stnicture of 1 destroys the 
anticoagulant activity This effect by benzenoid substitution of hydrowl, 
benzo, and methyl groups on 1 is leminiscent of the inactivation of the anti- 
hemorrhagic propeities of 2-methyl-l,4-naphthoqumone (14) by analogous 
structural changes 

Degradation Products of 3 ,S'-4[ethyhnehis{4-hydroxycoumann) and Re- 
lated Compounds — Anticoagulant activntj m the 4-hydrovycoumarm gioup 
IS restneted to in mvo action Furthermore a lag penod of from 12 to 24 
hours exists befoie the activ itv becomes detectable One possible explana- 
tion for this IS that actmty is dependent on biochemical change in the ani- 
mal body (15) Hence the products realized from certam bis-4-hydrovv- 
coumanns and 4-hydroxycoumann by chemical degradation m intro vere 
tested 

AMien the bis-4-hydroxycoumaiins are treated with alkali (16), the lactone 
nngs are opened stepwse and the resulting /3-keto acid is decarboxylated 
first to products of the type lepresented b> 76 and then to 1,5-diketones 
like 79 (Table VI) Further degradation leads to salicylic acid, 80 (151 
All of these products weie inactive m the rabbits used at levels up to 500 
mg Compound 76, vhicli contains one intact 4-hjdroxycoumann residue, 
shoved 1/100 the activity of 1 The 1 5 diketones from biscoumanns 
77, 78, and 79, representmg the next stage of degradation, are inactne 
and o-hj droxj acetophenone, 82, obtained bv a comparable degradation of 
4-hydroxj coumann, is inactive Other diketones, 83 and 84, and o- 
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80 
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Table VI 

Aniteoagvlanl Aclmly of Deffradatxon Products of S,S’-Methylenebts- 
[i-hydroxycoumann) and Related Compounds 


Compound 


Relauvc Posaj?e for 
anticoagulant maxOTum 

ujdex index 


76 3 (a-Phenyl-^ salicylylethyl)-4-hydroxycouinBnn 

77 1,3 Disahcylylpropane 

78 1,3 Di6abcylyl-2-inethylpropane 

79 l,3-Djsabcy]yl-2-phenylpropane 

80 Saheyhe acid 

81 Methylenebis(salicylic acid) 

88 o-Hydroxyacetophenone 

88 1,3-Dibenzoylpropane 
84 Dibenzoylmethane 
SS Benzal-o-hydroxyacetophenone 
88 o-Hydroxybenzal-o-hydroxyacetophenone 

87 Benzalaoetophenone 

88 3,3'-Methylene-4,4'-epoxydicoumann 

89 3 , 3'-Ethyh dene-4 , 4’-epoxydicoumann 


1 1 

Inactive at 


90 3, 3'-Ben2ylidene-4,4'-epoxydicoumann 
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hydroxyketones, 85 and 86, shoved no actmtj at the 500 mg level 
Certam a,)3-unsaturated ketones, 86 and 87, that gave active products 
vhen condensed mth 4-hj"dro\'ycoumarm via the Michael type of reaction 
are mactive The sigmficance of sahcyhc acid, 80, which does not exhibit 
activity m the rabbit when smgle doses up to 500 mg are fed, will be dis- 
cussed later 

The bis^-hydroxycoumanns can be dehydrated bv the removal of a mole 
of vater betveen the tivo enohc hydroxyl groups to form substituted 1,4- 
pyrans (9) of the general structure represented by (III) These anhy- 
dndes, 88, 89, and 90, are inactive 

1 ,5-Dienols and Other Enols and Ketones — ^The aldehyde condensation 
products of 4-h3 dro\3"coumann contam a 1,5-dienol system, tautomenc 
vith the corresponding 1,5-diketone S3'stem Hence a group of 1,5- 


Table vir 

AnUcoagulant Activity of 1,5 Dtenols and Certain Enols and Ketones 


Compound 

Dosage for maximum 
index (at vrbich aoU 
coagulant was 
mactive) 


mi 

91 Methylenebis(etli}l benzoylacetate) 

200 

92 Methylenebis(tetromc acid) 

200 

93 3,3'-Methylenebis(4-lijdroxy-6 methyl a pyrone) 

200 

94 Methylenebis(indanedione) 

500 

95 3,3'-Methylenebis(6,G dimethjldihydroresorcinol) 

500 

96 Indanedione 

200 

97 Coumaranone 

200 

98 Chromanone 

200 

99 Naphthoresorcinol 

500 


dienols was tested Because of the activity of the simple 4-hydrox3xou 
manns, compounds having a keto or enol groupmg a to the benzene nng 
vere also examined The activities of these products are listed in Table 
VII 

IMethylenebis(eth3d benzo3 lacetate), 91, differs from 1 in that the lactone 
0x3 gen nng has been detached from the benzene nng and estenfied with 
ethyl alcohol Meth3denebis(tetromc acid), 92, has a 5-membered lactone 
nng and lacks the benzenoid group of 1 3 ,3'-Methylenebis(4-hydroxT-6 

meth3d-a-pyione), 93, has the benzenoid group of 1 replaced by a hydrogen 
atom and a methyl gioup Meth3denebis(mdanedione), 94, lacL=; the 
lactone oxygen of 1 

In spite of the grouping that these 1,5-dienols have m common vith 
3,3'-methylenebis(4-h3droxycouniann), they are all inactive 
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Certain a-phenyl enols and ketones were tested Indanedione, 96, lacks 
the lactone oxygen of 4-hydroxycoumann Coumaranone, 97, lacks the 
carbonyl group of the keto form of 4-hydroxycoumann Chromanone, 
98, has the carbonyl oxygen of the lactone rmg of •4-hydroxycoumann 
replaced by hydrogen atoms Naphthoresorcmol, 99, has the lactone 
oxygen of 4-hydroxycoumarm replaced by a methylene group All of 
these compounds are mactive at the 500 mg level 


OH 


/\/ 


\ 




CH 


O 

96 


O 

II 




CH, 


97 



98 


OH 

I 

^c/\ 


H, O 


99 


The mactmty of the compounds m this class makes it apparent that the 
4-hydroxycoumarm structure, a nucleus of fused benzenoid and a-pjTone 
nngs with an enohc hydroxyl on the a-pjuone rmg, a to the benzene nng, 
IS necessary for anticoagulant activity 

Diketochromans and Coumanns — 4-Hydroxj coumann denvatnes haie 
been prepared m which the keto member of the keto-enol pair of tautomers 
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IS stabilized, namely, 100 and 101 They are inactive (Table VIII) 
VTien one of these, 3-(o-hydro\ybenzal)-2,4-diketochroman, 100, is con- 
densed with 4-hydioxycoumarm, the active 3-[6-o\o(l)benzopyrano(4,3- 
b)(l)benzopyran-7'yl]-4-hydro\'ycouinann, SS, is formed The activity 

Table VIII 


Anhcoagvlanl Activity of Various Dikctochromans and Coumartns 



Compound 

Relative 

anticoagulant 

index 

Dosage lor 
maximum 
index 

100 

3-(o-Hj dro\ybenzal)-2,4 diketochroman 

Inactive at 

mj 

200 

101 

3- (o , p-Dihydroxy benzal) -2 , 4-dtketochroman 

1 tt 

(t 

600 

102 

3-Phenyl -4-aminocoumarin 

“ 

tt 

500 

103 

3,3'-Methylenebis(coumarin) i 

tt 

It 1 

200 

104 

3,3'-Carbonylbis(coumarin) I 

It 

“ 1 

‘ 200 

105 

3,3'-Bi8coumarin 1 

It 

“ 1 

- 500 

106 

Coumann j 

0 02 

500 


of SS can be attributed to the fact that it has the 4-hydroxycoumann 
structure 



los 

Replacement of the enohc hs’^droxyl of 3 -phenyl- 4 -hydroxycoumann, 
27, which IS active, by an armno group, lOB, inactivates the molecule 
Another indication of the necessity of the enohc hydroxyl group is the 
inactivity of 3,3'-methylenebis(coumann), 103 Other biscoumanns, 
lOi and 105, not containing the 4-hydio\j group showed no activiti at the 

200 and 500 mg level respectively , i 

Coumann, 108, exhibits a barely detectable action at the 500 mg level, 
the activity bemg 1/5000 that of 1 The least active compounds in the 
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4-hydro\ycoumanii class, eg 17, 21, SO, and 54, are approximately 5 times 
more active than coumarm When 500 mg of coumarm were fed, the 
mcrease m prothrombm time over the normal value was 3 seconds The 
feedmg of three additional 500 mg doses at 12 hour mtervals (total 2 0 
gm ) did not further mcrease the prothrombm time In fact the normal pro- 
thrombm values were restored m this interval The feedmg of single 
massive doses of coumarm (2 5 gm ) usually causes death under the condi- 
tions of our bioassay withm 24 hours, owmg to narcotic action, vuthout 
visible hemorrhage (17) This is in accord with the findmgs of Roderick 
■who fed coumann to rabbits at high levels over a period of days and caused 
death, but no lesions indicative of hemorrhages were found ((18) p 45) 
Furthermore, m agncultural practice, large numbers of cattle and other 
In e stock when on sweet clover pasture oi on well cured sweet clover hay 
ingest daily considerable quantities of coumann,* with apparently no effect 
on the clottmg power of the blood The hemorrhagic sweet clover disease 
arises only from the feedmg of damaged sweet clover hay or silage ■which 
contains 3 ,3'-methylenebis(4-hydro\ycoumarm) 

DISCUSSION 

The relative hypoprothrombmenua-mducmg capacity of 106 compounds 
m the 4-hydroxycoumann class or related to it was appraised ’ The 
causative agent of the hemorrhagic sw'eet clover disease of cattle, 3,3'- 
methylenebis(4-hydroxycoumann), 1, is rated the most active of all the 
compounds studied This assignment is on the basis of the maximum 
response per mM of test substance evoked by a smgle oral dose, with stand- 
ardized rabbits as the test animal 

Nme 4-hydroxycoumanns showed about 1/10 to I the activity of 1 at the 

0 mg level The compounds with relatively high potency arc of two 
general types The most potent bis-4-hydroxycoumanns arc the 3,3'- 
methylene-, 1, 3,3'-ethyhdene-, 2, 3,3'-propyhdene-, S, 3,3'-butyhdenc-, 
4, and 3,3'-thiobis(4-hydroxycoumaim), 18 The second typo is a 3- 
substituted 4-hydroxycoumarm with the 3-substituent containing a koto 
group m the 1,5 position with respect to the 4-hydroxyl group Tlicy arc 
3-(a-phenyl-/3-henzoylethyl)-4-h3'drox3’^coumann, 41, and 3-(ar phcnyl-;?- 
acetylethyl)-4-hydroxycoumarm, 4^, and two analogues, 43 and 44, having 
substituents on the a-phenyl group The acetals of these compounds ako 
show relatively high activity The structural interrelationships bctiwru 
the two types have been indicated above 

* Sweet clover hay made from the common vancties of Meltlotm usually conU-a 

1 5 to 2 0 per cent coumann on the dry weight basis 

’ More than 150 compounds were included in this studj 
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In general, substitution on tne benzenoid nng of these anticoagulants 
completely destroys the activity Tvo mmor exceptions showmg shght 
activity are 3,3'-methvlenebis(4-h}dro\y-8-methylcoumann), 69, and 
3-phenyl-4-hydro\y-6-bi omocoumann, 74 

Fifty of the compounds studied shov\ low activities which are manifested 
only w hen the dose is 50, 200, or 500 mg The activities m this group are 
from 1/50 to 1/1000 of that exhibited by 1 

The molecular structure necessaiy for anticoagulant activity, as tested m 
the rabbit with smgle doses gi\en orallj', is evident from an inspection of 
the formula The minimum structural requirements are an mtact d-h}- 
droxycoumann residue, the 3 position being substituted by a carbon residue 
or a hydrogen atom Everj^ compound fulfilling these requirements is 
active 

For high actiMtj a bis-4-hydroxycoumarm structure or a related type 
stnicture (the Michael tj pe of condensation products) having the similar 
1,5 spatial relationship between the enohc hydroxyl group of 4-hydroxy- 
coumann and a keto gioup is specifically required Any alteration of this 
stnicture results in a deci-ease in actnitj Compounds containmg onlv 
one 4-hydroxycoumaiiii lesidue with an alkyl or arjd group in the 3 position 
(19 to 98) show gieatlj diminished activities Any change made in the 
fused nng system composing this fundamental 4-hydroxycoumann residue 
causes a complete loss of actn ity 

Of the compounds listed here the work by Jansen and Jensen (4) included 
1, 2, 19, 20, 77, 92, 93, 94, and 95, that of Lehmann (5) 1, 2, 16, 19, 20, and 
45, and Fantl’s (0) 1, 2, and 20 The relative potencies assigned bj them 
to these compounds are siibstantiallj in agreement with our findings 

We recentlj' indicated that smgle doses of sahcyhc acid administered 
either orally or intrai eiiousl}’’ to lats maintained on a basal artificial ration 
low m ntamm K induce a temporarj hvpoprotbrombinemia comparable 
in all respects to that caused bv 3,3'-niethilenebis(4-hydroxvcouniarm) 
(15) Furtheimoie aftei continued feeding of sahc 3 hc acid the hemor- 
rliagic raamfestations resembling those of the sweet clover disease m cattle 
developed, which eientuallj became fatal (18) The activity of sahcvhc 
acid m the lat is appioximately 1/25 that of 1 This endence and the fact 
that all of the compounds that showed anticoagulant activity contain the 
sahcylyl configuration and 3 ield (theoretically and actually) sahcjlic acid 
on oxadation in mho suggested that the 4-hydroxvcoumann anticoagulants 
might be metabolized in the bodv to salimhc acid and therebv exert their 
hypoprothrombinemia-inducing propeities Sustaining support for this 
suggestion has come from the climcal studies of Meier and Howard (19), 
Shapiro, Kedish, and Campbell (20), and Rapoport, Wing, and Guest (21), 
who have recenth demonstrated that the commonly used salic 3 dates 



OVERMAN, BTAHMANN, HUEBNER, SULLIVAN, SPERO, 
DOHERTY, IKAAVA, GRAE, ROSEMAN, LINK 


23 


(sodium sabcylate and acetylsalicylic acid) induce hypoprothrombmemia 
m man ‘ It has been noted in this laboratory that benzenoid substitution 
(methyl, hydroxyl, bromo, and benzo groups) generally destroys the anti- 
coagulant activity of sahcyhc acid as veil as that of the highly potent 
3 , 3 '-methylenebis (4-hy droxycoumarm) 

The inactivity of relatively high single oral doses of sahcyhc acid m the 
rabbit and dog (species in which avitammosis K cannot be induced readdy 
(15)) and other issues do not penmt an unqualified acceptance of the 
sahcjhc acid thesis at present As yet the expenmental facts through 
which it can be definitely affirmed oi refuted have not come to hand, but 
\\ ork continues m this laboratory designed to answer the question 

SUMMARY 

1 On the basis of the hypoprothrombmemia evoked by a single oral 
dose with standardized rabbits as the test animal, 3,3'-meth3denebis(4- 
hydroxycoumann) is rated the most potent anticoagulant of the 4-hydroxy- 
coumann class 

2 The nunimum structural requirements for activity are an intact 
4-hydroxycoumann lesidue, with the 3 position substituted by a carbon 
residue or a hydrogen atom 

3 For high anticoagulant potency the bis-4-hydioxycoumann molecule 
or a 4-hydrox'ycoumaim vith the 3-substituent contaimng a keto group m 
the 1,5 position ivith lespect to the 4-hydroxyl group is necessai^’^ 

The bulk of the 4-hydroxj"coumarm used m this study was kmdlj'^ sup 
phed by the Abbott Laboratones, North Chicago, Ilhnois, through 
Messrs E H Volwolei and Carl Nielsen and Eh Lilly and Company, 
Indianapohs, Indiana, through Messrs H W Bhodehamel and J P 
Scott 

We are mdebted to Messrs Lestei D Scheel, Earl J Larsen, and Jackson 
J Clemmons who wilhngly endured the routine of the many bioassays 
mvolved m this study and also cared for the rabbit colony wath devotion 
ac P L) 
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In the course of a studj of the adenosinetnphosphatase actu itj’’ of native 

osm, it v as observed that osm prepai ations from v hich samples were 
regularly removed shov ed a continuous decrease in activitj On addition 
of Cl steme or glutathione, enz\ matic activity u as restored To determine 
u hether oxidation pla 5 ed a pai t in this loss of activity, native m\ osm solu- 
tions were treated mth dilute h 3 drogen peroxide in the cold As a result, 
adenosmetriphosphatase activitj was greatly reduced The oxidized en- 
zi me could be reactii ated bv c\ steme, glutathione, and, to a lessei extent, 
ascorbic acid Similar reactivation of adenosmetriphosphatase bj gluta- 
thione, followmg treatment of mxosm with potassium chloromercunben- 
zoic acid, has recentlj’’ been reported bj Barron and Smger (1) 

EXPERIMENTAL 

Myosm was prepared from the leg muscles of rabbits accordmg to Green- 
stem and Edsall (2) The monobaiium salt of adenosme triphosphate 
(ATP) was prepared by the method of Kerr (3) The easily hydrolyzable 
P content was 67 6 per cent of the total P The barium salt n as converted 
to the sodium salt by treatment mth sodium sulfate The procedure used 
m measurmg adenosmetnphosphatase actinty is similar to the one pren- 
ousl}'- descnbed by the author (4) Determmations were carried out m 
Sorensen’s borate buffer at pH 8 6 (5) Inorgamc phosphate was deter- 
mmed colonmetncally by the method of Fiske and Subbarow (6) Because 
of the mstabihty of adenosmetriphosphatase at room temperature m the 
absence of ATP (7), it was necessary to add the various reagents mvesti- 
gated to cold solutions of mj osm Follonong addition of ATP, enzymatic 
hjdrolysis was earned out at 37" 

Activation of Stored Myosin — The ability of f-ej'steme (used as the hydro- 
chloride), glutathione, and 1-ascorbic acid to restore the adenosmetn- 
phosphatase activity of stored mi osm solutions* is descnbed m Table I 

* The volume of Sample 1 (Table I) was 10 cc and that of Sample 2 was 150 cc 
Thej were kept at 4° in a refrigerator and contained a trace of toluene added as 
preservative Each was opened frequentlj for the removal of samples It was 
found that solutions of relati\el} smaller lolume showed more rapid decreases m 
activity It v as also obsen ed that the contents of flasks which were not opened for 
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These substances m 0 1 cc of bufifered solutions were added to 1 9 cc of 
myosm (0 12 mg of ?v per cc ) m chilled borate buffer of pH 8 6 Alter 
incubation for 20 mmutes in an ice bath under nitrogen, 1 cc of \TP 
(containing the equivalent of 1 mg of the barium salt) nas added and 
hydrolysis was allowed to pioeeed at 37“ foi 20 minutes 2 cc of 10 per 
cent trichloroacetic acid weie then added, the protein precipitate was 
removed by centrifugation, and inorganic phosphate w'as determined 
Appropriate control e\penments were earned out (see Table I) 

Table I 


Effect of Reducing Substances on Adenosinetriphosphatase Activity of Myosin 
Corrected for non enzymatic hydrolysis 


! 

Samplt Vo * 

j 

Arc of 1 

preparation | 

P liberated 

Reducing agent 

P liberated 



7 


miQH 

Y 

1 1 

2 

18 

Cysteine 


30 

] 

3 

16 

<t 


30 


8 

8 

Ascorbic acid | 

10 

14 

2 

23 

i 

j Glutathione j 

1 ® 

28 

i 


* See foot-note 1 


Table II 


Reversal by Reducing Substances of Inactnalion of Adenosinetriphosphatase 
by Hydrogen Peroxide 
Corrected for non enzymatic hydrolysis 


Enz^Tne s> stem 

P liberated 

ATP -b myosin 


Y 

20 

a ^ u 

■+ glutathione 

32 

it ^ it 

+ HiOj 

6 

Cl ^ *( 

-f " -b glutathione 

27 

it ^ <« 

-b “ + cysteine 

30 


-b “ -b ascorbic acid 

10 


Oxidation of Adenosinetriphosphatase — The inactivation of adenosme- 
tnphosphatase on agmg suggested investigation of the influence of mild 
oxidation on the enzymatic activity and the possibihty of reveramg t^ 
ovidation by means of reducing substances To 1 8 cc of a cold buffered 
myosm solution (0 12 mg of N per cc ), 0 1 cc of 1 per cent hydrogen perox- 
ide was added The mixture was allowed to stand for 20 mmutes m the 

long periods of time showed only small decreases in adenosinetriphosphatase activity 
which were not reversible by cysteine or glutathione 
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cold, and 0 1 cc of catalase- solution (0 15 mg per cc ) was then added 
The tubes were shaken in the cold for 15 mmutes to decompose unchanged 
hjdrogen peroxide The reducmg solution (see Table II) was then added 
m a volume of 0 1 cc , and, after 15 mmutes in an ice bath, 1 cc of adeno- 
sinetriphosphatase solution was added Enzymatic h3drolysis was then 
allowed to proceed at 37° for 25 mmutes 
IMien myosm was oxidized by 0 05 per cent iodine m 1 per cent potassium 
iodide solution m the manner described above for hydrogen peroxide, the 
adenosmetnphosphatase activit5 was reduced 71 per cent 

Effect of Guamdinium Ion — In view of the findmg of Greenstem and 
Edsall (2) that guanidine salts m low concentration caused the disappear- 
ance of the birefnngence of flow of m3osm, it was of mterest to deterimne 
the effect of similar treatment on the adenosmetnphosphatase activit3 
Accordmg to the procedure described, 0 2 cc of guanidme solution w'as 
incubated with 1 8 cc of buffered myosm m the cold It was obsen^ed that 
m the presence of 0 15 m guamdme h3'drochlonde the adenosmetnphos- 
phatase activity as per cent of the control was 57, with 0 30 m guanidme 
salt, it was 24 per cent 


DISCUSSION 

Greenstem and Edsall ha\ e obser%'ed that the — SH content of native 
m3 osm solutions slow'ly diminishes on standmg The cysteine equivalent 
of one of their preparations fell from 0 41 to 0 30 per cent m 2 weeks at 4° 
In ^ lew of the activation of stored adenosmetnphosphatase b3’’ cysteine and 
glutathione, it w'ould appear that decreasing enz3Tnatic actmty might be 
attributed to a fall m — SH content Activation b3’’ sulfhydr3d-contammg 
substances has long been knowm in the case of the “papainases” (8), cer- 
tain dehydrogenases (9), and other enzvmes (1) 

Needham (10) has found that lodoacetic acid does not inhibit the acti\ it3 
of adenosmetnphosphatase, and has concluded that the sulfh3’'dr3 1 group 
IS not essential for actiMt3 Her observations ma3 be reconciled with 
those here reported if one assumes that lodoacetic acid meiel3’' blocks the 
— SH group without pioducing cross-linkages, whereas mactivation results 
from the formation of — SS — bridges The latter change might render 
inaccessible to phosphor3 lation (11) those functional groups on the enz3’'me 
w Inch are involved m cataK sis Dixon (9) has called attention to the lack 
of parallel between the effects of oxidized glutathione and lodoacetic acid 
on the — SH content of eiizi mes In explaining the effects of glutathione 
and cvsteme, one must also consider the possibiht\ of direct combination 
of these substances wath the enz3’me, as has been reported b\ Lohmann for 
glutathione and meth3 lgl3 oxalase (12) 

The expermients here lepoited, m which hi drogen peroxide was followed 

This V os horse liv er catalase obtained from Dr Kurt G Stem 
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bj' C3'st€me and glutathione, demonstrate reveisal by Bulfhydryl-contammg 
substances of the osidation of adenosinetnphosphatase Following treat- 
ment inth hydiogen peroxide, the activity of the enzyme fell 65 to 75 per 
cent Cysteme and glutathione restored full activity Ascorbic acid i\as 
relatively weak m this respect, however Because of the knoivn instability 
of adenosmetnphosphatase in the absence of ATP, the mcubations mth 
hydrogen peroxide and activatmg agents were earned out in an ice bath 
Follomng the incubation mth hydrogen peroxide, catalase was added to 
destroy unchanged peroxide and thus prei-ent interference in the subse- 
quent hydrolysis at 37“ 

It IS difiicult to evaluate a possible biological r61e of reversible inactiva- 
tion of adenosinetnphosphatase It would appear that this enzyme, m 
the oxidized state, loses its ability to catalyze the mteraction between 
ATP and the muscle fibnl It has been suggested (11, 13) that reaction 
with ATP induces relaxation of muscle fiber 

One might conceive that myosin in relaxed muscle is mamtamed in the 
phosphorylated (extended) state as a result of a contmuous process of 
phosphorj'lation and dephosphorylation which mamtains a fairly constant 
number of phosphate groups on the mjmsin fiber at any given tune Ouda- 
tion and reduction of the adenosmetnphosphatase would be expected, 
from the results here reported, to determine the rate of phosphorylation 
of the myosm Thus, the extent of phosphorylation of the myosm fibnl 
and, consequently, its state of contraction w ould be dependent upon the 
oxidation-reduction potential of the cell 

As has been reported in the study of papain (8), there appeared to be two 
types of inactivation of adenosmetnphosphatase on standmg In addition 
to the formation of an mactive but activatable form, there occurred a 
progressive irrevereible loss m activity A 2 month-old solution which bad 
lost most of its activity and which had not been e.’qiosed to air for 4 weeks 
could not be activated significantly bj' glutathione, although calcium ion 
produced a 30 per cent mcrease m actmty 

The mhibitmg effect of low concentrations of guamdme salt (0 15 u) 
is of mterest, because it is m this range of guamdme concentration that 
myosin loses its birefnngence of flow' (2) Study of the effects of dena- 
turants on adenosmetnphosphatase may be helpful m establishmg whether 
adenosmetnphosphatase and myosm are identical The inhibiting effect 
of guamdme is also of interest in connection wnth its marked contracme 
reactions on muscle and its beneficial effects m the treatment of myasthe- 
nia (14) 


SUMMABY 

When native myosin is stored, there is a decrease m adenosmetnphos 
phatase activity which is in part reversible bj cysteme and glutathione 



M ZIFF 


29 


Adenosmetiiphosphatase is inactivated by oxidation with dilute hydrogen 
peroxide in the cold, and subsequently restored to activity b 3 ’- cysteine or 
glutathione Ascorbic acid effects only partial reactivation Guanidine 
salts m 0 15 M concentration inhibit adenosmetnphosphatase 
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DENATUEATION OF THE GONADOTROPINS BY UREA 
By FRITZ BISCHOFF 

{From the Chemical Laboratory, Santa Barbara Cottage Hospital Research Institute, 

Santa Barbara) 

(Received for publication, December 15, 1943) 

Attempts to correlate the differences m phj'siologic response to the gonado- 
tropins m terms of structural differences, accordmg to the concept of atomic 
Imkage, have been unsuccessful (1) Chemical studies have mvanably 
brought up the problem of denaturation, with the subsequent changes in 
secondary valence effects While it is known that the gonadotropms are 
subject to denaturation, a companson of a denaturation under standardized 
conditions of time, temperature, and concentration' has not been under- 
taken 

The present report is a study of the influence of 40 per cent (by weight) 
aqueous urea solution on the mactivation of pregnant mare serum, human 
chononic, and sheep pituitary gonadotropms at 37 5° ±0 1° and pH 
72 ±02 


EXPERIMENTAL 

Hormones and Assay Procedures — The sheep pituitaiy and choriomc 
gonadotropms w ere stable pow ders prepared in this laboratoiy by fractional 
alcohol precipitation It was onginall) planned to precipitate the sheep 
gonadotiopm from the diluted urea solution with tannic acid after the reac- 
tion penod and use the tannate for the bioassay It w’as found, however, 
that tannic acid did not precipitate the gonadotropm quantitativ'’ely from 
a 5 per cent urea solution The gonadotropm was precipitated quantita- 
tiv’ely bi copper from a 5 per cent urea solution at pH 8 5 (see the control 
in Table II) The assay was performed by usmg 0 5 mg of copper as 
copper sulfate per rat per dosage lev el The reference assay cun e is giv^en 
in Table I One experiment is giv en in which the assay was performed by 
measunng the degree of antagonism (3) The chonomc gonadptropm 
assayed approximately 100 lu per mg Uterme weight sened as the 
objectiv e measure for the assay of the reaction product (4) Eight to ten 
rats w eie used per dosage lev el m the assaj s for the pitmtari and chononic 
gonadotropms and an equal number of htter mates w'as used for a simul- 
taneous assaj’- of untreated matenal which was subjected to the same 

’ It IS equally true that concentration has not been considered in chenucal studies, 
BO that various deductions (2) must be based on the assumption that reactions with 
hetene, nitrous acid, etc , are of the first order 
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conditions of temperature and pH in isotonic solution The measure of 
probable error was calculated m the usual manner from the standard 
deviation of the means of the control and expenmental matenal Smce, 
however, there is a degree of correlation m the response to htter mates, the 

Table I 


Standard Assay Curve for Sheep Gonadotropin 


Dosage level 

Mean o\'anan weight 

Mean ntenne weight 

m 



1 00 

98 ± 7 


0 60 

42 ± 3 


0 33 

24 ± 2 


0 25 

17 ± 1 6 

111 ± 6 

0 10 

12 ± 0 8 

99 ± 3 

0 05 

12rfc 1 0 

29 ± 2 

0 0 

12 ±0 8 

16 ± 1 


Table II 

Inactivation of Sheep Pituitary Gonadotropin to 40 Per Cent Aqueous Urea 
Solution at 57 5° 


Concentra 
Uon in 40 

Katio of 
control to 

Mean* organ weight 

Estimated 

Correct 
assay range 

Time of 
exposure 
to 40 per 
cent urea 

per cent 
urea 
flolation 

eiped, 

mental 

dose 

Control dose 

Experimental dose 

recovery of 
bormonc 

for 9a per 
cent of 
trials 

mg pcrcc 

■■ 

mg 



wg 


ptr cent 

per cent 

hrs 

10 


98 ± 9 

(0) 

98 ± 

11 

(o) 


20 

Of 

10 

■ii 

76 ± 6 

11 

51 ± 

3 

tt 

75 

14 

0 25 

30 

mm 

48 ± 5 

f< 

42± 

5 

ft 

47 

6 


10 

KEi 

42 ± 6 

f( 

46 ± 

7 

tt 

63 

10 


10 

wSSm 

38 ± 5 

tt 

58± 

6 

II 


32 

1 0 

10 


24±2 

(f 

22 ± 

3 

ft 

32 

6 

20 

20 

0 33 

24 ± 2 

ft 

19 ± 

3 

ft 

27 

6 

2 0 

10 

0 26 

111 ±6 (u ) 

17 ^ 1 6 (0 ) 

68± 
14 ± 

5 

1 0 

(u) 

(0) 

7 

1 6 

6 0 


o indicates assay performed by measuring ovarian weight, u by measuring 
utenne weight 

• Mean plus the standard deviation of the mean 
f Control for the presence of urea in precipitation by copper 
j Assay performed by measuring the antagomsm 

recovery was also calculated for each htter mate m terms of the control 
The standard deviation of the mean of the latter figures was used in esh- 
matmg the recovery as given m Tables II and HI In 50 pairs of rats use 
m the assay of the sheep gonadotropm, the latter method gave a deviation 
of 19 per cent 95 per cent of the time m contrast to 25 per cent for the former 
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method The data for 90 pairs of htter mates used m the assay of the chori- 
onic gonadotropm mdicate that when the assay is calculated on the basis of 
random samphng the value obtamed is withm 25 per cent of the correct 
value 95 per cent of the time It is within 21 per cent of the correct i alue 
on the basis of htter mate comparison 
The hormone from mare serum was the highly purified clmical prepara- 
tion of the Cutter Laboratories, which is devoid of serum proteins The 


Tabu: III 


Inachvalion of Chortontc Gonadotropin (Prolan) hy Exposure to Jfi Per Cent Aqueous 

Urea Solution at S7 6“ 


Pretieat 

Concentra 
tion of 

Ratio of 
control to 

Meant utenne weight 

Estimated 

recovcr> 

of 

hormone 

Correct 
assay range 

Time of 
exposure 
to 40 per 
cent urea 

meat of 
prolan* 

prolan in 

40 per cent 
urea solution 

expen 

mental 

dose 

Control 

dose 

Experimental 

dose 

for 9S per 
cent of 
trials 


/ U Per gtn 
BO 

■1 

tns 

ng 

per cent 

per cent 

krs 

A 

None 

IB 

85 ± 6 

89 ± 8 

104 

±20 

ot 

B-1 

150 

IB 

81 ± 7 

61 ±9 

80 

±20 

0 08 

A 

240 


72 ± 9 

89 ± 6 

61 

±14 

0 25 

B 2 

138 

Bl 

77 ± 5 

25± 2 7 

42 

±7 

0 25 

B-3 

78 

0 5 

28 ± 3 

23± 1 2S 

43 

i:S 

0 25 

A 

240 

0 6 

86 ± 6 

60 ± 6 

38 

cfc5 0 

0 5 


240 

0 4 

81 ± 9 

31 ± 6 

21 

±6 

1 0 

tt 

240 

0 4|| 

81 ± 9 

38 ± 7|1 

24 

±6 

1 0 

<< 

720 

0 2 

85 ± 8 

82 ± 7 

20 

±4 

1 0 

tt 

240 

0 1 

79 ± 7 

93 ±5 

12 

±3 

2 0 

it 

240 

0 1 

81 ± 6 

62 db 9 

8 

±1 4 

6 0 

tt 

720 

0 13 

88 ± 8 

39 ± 5 

8 

±2 0 

6 0 

tt 

240 

0 1 

77 ± 8 

17 ± 0 6 

<4 5 

Assured 

24 0 

tt 

1810 

0 025 

26 ± 4 

42 ± 7 

4 0 

±0 5 

24 0 


* A, dry powder, assaying 100 i u per mg , B-1, aqueous solution maintained at 
room temperature for 15 days (63 per cent of onginal activity), B-2, for 24 dajs (67 
per cent of original activity) , and B-3, for 105 days (32 per cent of onginal activitj ) 
t Mean plus the standard deviation of the mean 
t Control for the effect of 3 3 per cent urea concentration at 10° 

§ Assay repeated at a higher level with similar results 
II Copper added to delay resorption 


assay procedure based on mcrease m ovarian v eight has been previouslj 
discussed (1) The recovery, given m Table IV'’, is calculated on the basis 
of response m htter mates Eight rats were used per assa} dosage let el 

Results 

Order of Reaction — It will be noted that m the e\penments m which 
intact chonomc gonadotropm vas employed tnphng the concentration 
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failed to influence the rate of decomposition (see Table III, data for 1 hour 
and 6 hours) This test, generally conceded to be the best cnterion for 
estabhshing the order of reaction, places the inactivation of the hormone 
by urea m the first order It is readily discernible, honeier, that the 
progressive inactivation n ith time does not follow the course of a first order 
reaction At the 6th hour considerably more activity survives than the 
theoretical calculation, based on the 15 and 60 minute data, requues This 


Table IV 


Inacltialton of Mare Serum Hormone* to Ifi Per Cent Aqueous Urea Solution at S7 6° 


Meant o\arian weight 

Estimated Teco\ cr> 
of hormone 

Correct assay range 
for 95 per cent of 
trials 

Time of exposure 
to 40 per cent 
urea 

Control dose 

Experimental dose 

m 


Ptr cent 

per cent 

Arj 

59 ± 5 

57 ± 4 

97 

=fc8 

0 25 

67 ± 3 

82 ± 8 

111 

±9 

1 0 

126 ± 11 

121 ± 10 

96 

±7 

1 0 

50 ± 3 

45 ± 2 

95t 

±7 

1 0 

5 

&2 ± & 

9& 


2 0 

63d= 3 

36 ± 2 

72 

j 

±6 

6 0 

63 ± 4 

23 ± 2 

37 

±18 

22 5 


* Reaction concentration of 250 Cole units per cc 
t Mean plus the standard deviation of the mein 
i A commercial preparation of hormone, in aqueous solution for 3 jears 


Table t 


Velocity Constant 


Time 

i (corrected) 

jb (apparent) 

mtn 



15 

0 036 ± 0 009 

0 032 

30 

0 037 ± 0 OOS 

0 033 

60 

0 033 ± 0 004 

0 026 

120 

0 027 ± 0 003 

0 018 

360 


0 007 

1440 


0 002 


discrepancy may be accounted for on the assumption that in the denatura- 
tion the hormone passes over to a form not n holly devoid of activity On 
the assumption that this transformation is i irtually complete the 6th hour 
and that the new compound is relatively stable to urea, the true concentra- 
tion of the chononic gonadotropm = the apparent concentration minus 8/92 
of the apparent mactivation With this approximation, the velocity 
constant k for vanous time mtervals is as shonm m Table V The agree- 
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ment is well within the error of assaj The assumption that the acti\ ity 
of the denatured hormone is relatn el> stable to urea is borne out b^ the 
obsen’^ation that even aftei 24 hours exposure of the hormone to urea 50 
per cent of the activity found at 6 hours exposure is recovered 
If the mactivation of the pituitari’^ preparation uas a second order reac- 
tion, tripling the concentration of hormone at 40 nunutes should ha\ e given 
a result equal to the result for a unit concentration at 120 mmutes The 
results (see Table II) do not bear this out The reco\er 3 ’’ at 40 minutes, 
wz 47 ± 3 per cent, is significantlj’’ greater than the recoverj' of 32 ± 3 
per cent at 120 nunutes Hov e\ er, it becomes apparent that the reaction 
IS not of the first order smce the recovery is affected bj’- concentration 
Comparison of Hormones — The results (see Tables II to IV) clearly dem- 
onstrate a marked difference m response of the three gonadotropins to 
denaturation bj urea 2 hours exposure to 40 per cent urea at 37 5° 
produced no demonstrable inactn ation of the mare serum hormone, while 
90 per cent qf the activit 5 of the chorionic gonadotropm was destro}’’ed 
The rate of mactivation of the sheep pituitary preparation holds an mter- 
mediate position In this connection it is mterestmg to note that the mare 
serum hormone, w'hich is known to exhibit a remarkable degree of stability 
in the organism after admmistration, m contrast to the tw o other hormones, 
IS the hormone least sensitive to mactivation bj' urea denaturation 
The complex nature of the sheep gonadotropic extract as ei meed bv the 
antagonism phenomenon and the dual hormone concept is further corro- 
borated by the results of the present study, vis , the dependence of rate of 
mactivation upon concentration, but failure to establish a reaction order 
The excellent agreement of the two assay procedures does not, however, 
lend support to the dual hormone theory 
Loss of Activity in Aqueous Solution — ^There are three expeiiments re- 
corded m Table III m which chorionic gonadotropm, which had suffered an 
appreciable loss of activitj by exposure m aqueous solution at room tem- 
perature over the periods of time noted, was subjected to urea denatuiation 
The product was clearly more sensitive to urea denaturation than the orig- 
mal gonadotropm These observations demonstrate that the slow inac- 
tivation which takes place in aqueous solution at room temperatuie does 
not produce the same product which is produced bj" urea denaturation 
If the product was the same, urea should have produced less rather thin 
more mactivation in the experiments cited (see the mactivation rate for 
the ongmal hormones) 

SUMMARY 

The rate of mactivation of the phj'siologic activutv of human chorionic, 
sheep pituitarj^, and mare serum hormones in 40 per cent urea concentration 
at 37 5° w as studied 
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The inactivation of the chonomc gonadotropin proceeded rapidly and 
was independent of concentration of hormone, but the rate was such that 
a first order reaction could only be assumed on the basis that the reaction 
product was a stable substance of less biologic activity Chonomc gonado- 
tropm partially mactivated by standmg m aqueous solution at room 
temperature was more rapidly mactivated by urea than the ongmal 
hormone 

The mare serum hormone manifested a remarkable degree of stabihty 
The mactivation of the sheep pituitary gonadotropm proceeded Icss 
rapidly than that of the chonomc gonadotropm and was somewhat de- 
pendent upon concentration 
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THE ANTIBACTERIAL ACTION OF DERIVATIVES AND 
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The bactenostasis induced by the sulfonamide drags is reversed by 
p-aminobenzoic acid (PAB) in appropnate concentrations (1) It is now 
well established that PAB is a normal constituent of cells (2) and that the 
bactenostatic effects of the sulfonamides are exphcable m terms of their 
structural similanty to PAB (3) The precise role of PAB m cellular 
metabolism has yet to be clarified but whether it functions as a substrate 
as some mvestigators postulate (4), or more likely as a prosthetic group, 
clearly it must be mvolved m some reaction which is lutal to the growth of 
many microorg anisms The sulfonamides, presumably by competmg with 
PAB for a part m this key reaction, are able thereby to disrupt the economy 
of certam growmg cells 

Assummg that PAB is the molecule to be imitated, it follows that there 
must be compounds other than the sulfonamides vhich can compete with 
PAB Thus, for example, sulfur-free compounds related m structure to 
PAB might be expected to produce bactenostatic effects comparable to 
those of the sulfonamides Whe» the chemotherapeutic possibihties of 
denvatives and analogues of PAB were mvestigated, two objectives were 
m mmd (1) to develop another hne of evidence m support of the thesis 
that the resemblance of the sulfonamides to PAB is the basis of their 
bactenostatic properties and (2) to detenmne whether the bactenostatic 
potencies reached by sulfonamides could be duphcated m other molecular 
configurations and whether the toxic properties which accompany the bac- 
tenostatic effects of the sulfonamides would apply as well to other such 
bactenostatic compounds 

When the present mvestigation was begun, it had been reported that 
p-mtrobenzoic acid arrested qmte strongly the growdh of certam bacteria 
(5) Subsequently, Hirsch (6) showed that p-ammobenzamide also pos- 
sessed bactenostatic properties While the work here descnbed was m 
progress, Auhagen (7) and Kuhn and coworkers (8) reported varjung 
degrees of antibactenal action for several sulfur-free compounds related 

* The experiments earned out at Columbia Umversity were aided by grants from 
the Research Corporation (Williams-Waterman Fund), the Nutntion Foundation, 
Ino , and the Rockefeller Foundation 


37 



3S 


P-KMINQBENZOIC -ICID 


in structure to PAB Moie recently Wyss and cow orkers (9) reported ou 
the biological action of sei eral substituted p-ammobenzoic acids Almost 
all of the compounds studied m this mvestigation (cf Table I) had been 
prepared and tested befoie the publications mentioned above had appeared 
or had become accessible A few , Compounds VII, IX, and XI, were tested 
aftei leports of antibactenal action had appeared but were subjected to 
tests wnth a greater \anety of organisms 

EXPERIMENTAL 

The bactenostatie effects of the various compounds prepared for this 
imestigation were tested on strams of Escherichia coh, Streptococcus hemo 
lylicus Group A, and Diplococcus pneumoniae T 5 'pe III A stram of 
Escherichia coh w as grown on the Rides sjmthetic medium consisting of 
glucose, asparagme, and morgamc salts The streptococci were grown on 
a peptone-beef meat extract broth, while the pneumococci were grown on 
the same bioth ennched with a protem-free filtrate of whole blood of 
rabbit Although the above broths contained abundant quantities of anti- 
sulfonamide substances, the results, being stnctly comparative, were not 
affected by the presence of these substances Each drug under test was 
studied over a range of concentrations simultaneously with four sulfona 
mides, VIZ, sulfamlamide, sulfapmdine, sulfadiazuie, and sulfathiazole 
ne absolute amounts of anj' drug necessarj' to inhibit grow th vaned con 
derablj from one expeiiment to another, but fortunately all the drugs 
inder test vaned m the same way, and the comparative picture remained 
substantially unchanged « 

The tests w ere earned out m test-tubes of about 1 cm inside diameter 
The inoculum introduced w as 0 5 cc of a 10“' dilution of a young growing 
culture (6 to 8 hours) The volume of the drug solution was 1 5 cc or less 
The final x olume x\ as made up to 5 cc w ith stenle medium The expen- 
ments w ere earned out at 37 5° over a penod of at least 72 hours and ob- 
serx ations w ere recorded approximatelv eveiy 24 hours The usual -f- and 
0 notation has been emplo 3 '’ed Ownng to the x anabihty of the results from 
one inn to another, there seemed little adx antage to be gamed by a more 
precise estimation of the extent of grow th 

Sulfonamide bactenostasis by definition is lex^ersible bj' PAB in some 
suitable concentration Unless this condition is fulfilled, it is mvahd to 
speak of a sulfonanude-like action In all the expenments in w'hich growth 
was aiTested reversal by PAB w'as also checked When the mhibition of 
groxvth was not reversed by PAB, it x\as assumed that some toxic action 
xvas takmg place This was found to be especially true of 4-ammo-l- 
naphthoic acid and 5-nitro-2-furoic acid Other drugs show ed toxic actions 
particularly at high concentrations In fact, practically all the drugs whiri 



JOHVSON, GREEN, AND PAULI 


39 


Table I 

Benzene Ring Analogues 


Compound 

Mp 

(corrected) 

Calculated per cent 

Found per cent 


C 1 H 1 N 

C 1 H 1 N 


Group A Compounds substituted in benzene ring 


I 3 Methyl- 4 -aminobenzoic 

C 






acid 

173 

63 56 

EXili! 


63 62 

5 96 

11 3 - Bromo- 4 -aminobenzoic 







acid 

214 

38 91 



38 93 

2 85 

III 2 Methyl- 4 -aminobenzoic 







acid hydrochloride 

204 

51 21 

5 37 


51 34 

5 44 

IV 3 Nitro-4 aminobenzoic acid 

292 

46 06 

3 32 


46 19 

3 36 

V 2-Acetylamino 4 aminoben- 







zoic acid* 

205 

55 66 

5 19 


55 84 

5 17 

VI 3 Methoxy- 4 aminobenzoic 







acid 

191 

57 48 

5 43 



5 30 

VII 2 Chloro 4 -aminobenzoic 







acid 

222 

48 99 

3 53 


reiiH 

3 90 

VIII 3,6 Dimethyl- 4 -ammoben 







ZOIC acid 

254 

65 44 

6 71 


65 46 

6 91 


Group B Compounds involving variation in carbovj 1 group 


IX 

4,4'-Diaminobenzophenone 

245 

73 55 

5 70 


73 53 


X 

2 - (p Aminobenzoj laraino) - 








thiazole* 

257-258 

54 77 

4 14 


54 97 

4 25 

XI 

p-Aminoacetophenone 

106 

71 09 

6 71 


70 88 

6 43 

XII 

p-Aminophenj larsonic acidf 







XIII 

p - ^minophenj Iglj cinet 







XIV 

p Aminophenylacetic acidj 







XV 

p Aminobenzoj 1- 1 glutamic 








acid*§ 







XVI 

p Aminocinnamic acid 

174-176 

66 24 

5 56 


66 31 

5 77 


Group C Compounds involving variation in amino group 


XVII 

p-(4 - Diethylaminophenjl 








azo)-benzoic acid 

228-230 



14 13 



XVIII 

p Methylaminobenzoic acid 

160 

63 56 



63 52 

6 29 

XIX 

p - Dimethjlaminobenzoic 








acid 

242 

65 44 

6 71 


65 44 

6 90 

XX 

p - Acetylaminomethylben- 








ZOIC acid* 

191 

62 16' 

5 74 


62 42 

5 81 

XXI 

p Guanidobenzoic acid ' 

296 

I 


23 45 

1 
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Table I — Concluded 


Compound j 

Mp ; 

1 (corrected) I 

1 Calculated, percent j 

1 Found, per cent 


^ 1 

1 H 1 N 1 

c j H j N 


Group D Compounds in which certain combinations of vanations of Groups A, B, 

and C are involved 


XXII 

3 - Methyl- 4 mtrohenzoic 

c 








acid 

218 

53 04 

3 90 


53 14 

4 07 


XXIII 

3 Me thy] -4 aminobenzamide 

125 

63 98 

6 71 

18 66 

64 32 

6 78 

18 98 

xxrv 

2,4-Dimtrobenzoic ncidj 






XXV 

4,4'-Dinitrobcn2il 

* 214 

'56 00 

2 69 


66 13 

i 2 87 


XXVI 

p - Dimethylaminobenzalde 








bydef 


1 


■ 

■ 




Analogues Having Other Ring Systems Than Benzene Ring 


XXVII 4-Amino-l-Daphthoic acid 
XXVIII 5 Aminothiophene 2 - carbox- 

195-200 

70 57 

4 85 

7 48 

70 57 

5 OS 

7 65 

amide hydrochlonde* 


33 61 

3 95 


33 82 

4 10 


XXIX 5 Kitrothiophene- 2 -carbox 








amide* 

191 

34 88 

2 34 


34 76 

2 60 


XXX 5 - Nitrothiophene- 2 -car 








boxyJic acid 

159 

34 68 

1 74 

8 09 

34 97 

I 89 

780 

XXXI Methyl- 2 -(5 acetylanuno 








thienyl) ketone* 

279 

52 44 

4 95 


52 64 

B 24 


XXXII 2-Amino 5 oarboxythiazole* 

191 

33 33 

2 80 


33 58 

2 79 


XXXIII 5 jNitro-2 furoic acid 

188 

38 23 

1 92 

8 92 

38 34 

1 97 

8 71 

XXXIV 5-4,cetylomino-2 furoic acid 

240 

49 71 

4 17 


49 66 

4 45 


XXXV e-Amino 3 carboxypyndine 

318 

52 17 

4 38 


51 86 

4 37 



* These compounds were first prepared in this investigation 
t Gift from Dr Michael Heidelberger 
J Eastman Kodak products 
§ Gift from Dr Sarah Ratner 

ere bacteriostatic at certain concentrations as indicated by reversal in the 
presence of PAB were bactencidal at higher concentrations, as shown by 
non-ieversal in the presence of PAB 
The solubilities of the thirty-five compounds under test vaned from 
a few" inicrograms per cc to about SO mg per cc In some cases it 
was impossible to get a high enough concentration of the substance in the 
growib medium for satisfactory tests and the negative bactenostatic results 
obtamed m these instances need quahfication on the basis of the hmited 
solubihty 

Results 

Tlie bactenostasis induced by p-nitrobenzoio acid and p-ammobenzamide 
was more closely exammed, since these were the first sulfur-free compoun 
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reported to behave hke the sulfonamides Experiment showed that neither 
p-nitrobenzoic acid nor p-ammobenzamide was active toward all the bac- 
teria inhibited by the sulfonamides Whereas, for example, they inhibit 
the growth of Eschenchta coh (Table 11), they have shght if any effect on 
the growth of Slreplococcm hemolyticus Furthermore, even when growth 
IS inhibited as m the case of E colt, the inhibition is short hved, and after 
45 hours or more, dependmg upon the mitial concentration of the drug, 
normal growth takes place Smce these two compoimds can be converted 
to PAB, m one case by hydrolysis, and m the other by reduction, it seemed 
reasonable to assume that when they were mactive, as m the case of the 

Tabus II 


Effect of p-Ntirobenzoic Acid, p~Amtnohemamtde, and Sulfanilamide on Growth of 
Escherichia coh and Streptococcus hemolyticus 


Drug 

£ call 

S htmoXylxcux 

24 brs 

48 lirs 1 

94 hrs 

24 hrs 

4S hrs 

94 fars 


y per cc 







Control 

0 

++++ 

+-f-++l 

+++ + 

++++ 

++++ 

++-H- 

p-Nitrobenzoic acid 

800 

0 

i 0 




++++ 



0 

0 

++++ 

++-H- 

-)-+++ 



100 

0 

0 

-t"f ++ 





40 

0 

++++ 

-i"i-++ 





20 

-1- 

++++ 

++-H- 




p Anunobenzamide 

300 

0 

0 

-1- 

0 

++++ 

+-t-i-+ 


270 

0 

0 

+ 





190 

0 

0 

_l — I — 1 — 1_ 





150 

0 

-f- 

+++-!■ 

0 

;++++ 

-b+-i-+ 

Sulfanilamide 

100 

0 

0 

0 

0 

0 

0 


50 

0 

0 

0 

0 

0 

0 


25 

0 

+ 

++++ 

0 

0 

++ 


5 

+ 

:++++,++-)-+ 

++ 

+++-1- 

++++ 


S hemolyhcus, they were bemg transformed rapidly to PAB, and their 
bactenostatic effects vere therebj’" obscured In the same way the short 
hved bactenostatic effects on E coh could be explamed m terms of a slow 
conversion of the PAB denvati\es to PAB These conclusions were borne 
out by the demonstration that both p-mtrobenzoic acid and p-amino- 
benzamide were able to re\erse completely the bactenostatic effects of 
sulfonarmde drugs on the growth of S hemolyticus and E coh (Table III) 
Thus, at the start of the mvestigation ve reahzed that it vas imvTse 
to prepare compoimds which m the presence of bactenal enzjmes could be 
converted to PAB Our efforts therefore vere directed mamlj' along the 
hues of biologically stable dematives and analogues of PAB and ammo- 
carboxjkc acids and mtrocarboxyhc acids of other nng sj'stems 
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Benzene Ring Analogues — ^The twenty-six compounds m this class may 
be divided mto (Group A) those m w hich the benzene nng has been sub- 
stituted, (Group B) those in which the carboxyl group has been replaced 
or substituted, (Group C) those in which the amino group has been replaced 
or substituted, and (Group D) those which involve certain combinations of 
vanations of Groups A, B, and C 

Only eight of the benzene nng analogues showed bactenostatic proper- 
ties, these were Compounds I, II, III, V, VI, and VII of Group A, Com- 
pound XI of Group B, and Compound iJOail of Group D (cf Table IV) 
None of the compounds of Group C was active Among the active nng- 
substituted analogues the bactenostatic potency never exceeded one-fifth 
that of sulfanilamide or about one-one-hundredth that of the most active 
sulfonamide 


Tabie III 


Reversal by p-Aminobenzamtde and p \tlrobemoic Acid of Bactenostasis Induced by 

Sulfapyridine 



Esehertclita colt 

Smptococcus hemclyltcus 

24 hrs 

i2 hrs 

24 hrs 

72 hrs 

Control without drug 

-b-b-b-b 

-b+-b-b 

+-b+-b 

++++ 

Sulfapyridine (4), 15 v per cc 

i 0 

0 

0 

0 

" Aminobenzaraide (B), 125 y per cc 

1 + + 

-b-b++ 

■f- 

+-b++ 

A -b B 

' +4- 

-b+-b+ 


++++ 

p Nitrobenzoic acid (C), 40 t per cc 

0 

-b-b-b+ 

+4-b+ 

++++ 

A -b C 

+ 

++++ 

-b+++ 

-b-b++ 


The bactenostatic effects of active analogues of PAB were completely 
reversed bv addition of PAB (Table V) Tests also haie been made to 
determine whether analogues of PAB could replace PAB m reversing the 
bactenostatic action of the sulfonamides Thus far only three of the tw ent} 
SIX analogues of PAB have lieeii found to possess any significant anti 
sulfonamide activitv, iiz , Compounds VII, XV, and XIT (Table VI) 
It IS of inteiest that Compound \ II, 2-chloro-4-ammobenzoic acid, exhibited 
strong PAB activity towards Streptococcus hemolyticus and Dvplococcus 
pneumoniae, whereas m the case of Eschenchia coh it was weakly bacteno 
static at high concentrations (>100 y per cc ) and exhibited antisulfona 
mide action at lowei concentiations (<20 y per cc ) The possibilitv had 
to be exploied that the antisulfonamide actions of Compounds VII, Xt, 
and XVI were referable to traces of PVB formed by degradation or con 
version of these substances m the presence of bactena This point was 
checked by determining the antisulfonamide activity of these three com- 
pounds after incubation with bacteria No increase in activity was ob 
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Table IV 

Concentrations for Baclenostasis 


The values are given in micrograms per cc 


Compound 

Minimum over 64 nr period 

1 

Maximum 

tested 

E colt 

1 

S kemo' 
lytieus 

D pneu^ 
montat 

I 

3 Methj 1 4 aminobenzoic acid 

300 

300 


4000 

II 

3 Bromo 4-aniinobenzoic “ 

600 

600 


2000 

III 

2 Methyl-4 ammobenzoic “ hj dro 






chloride 

4000 



SOOO 

IV 

3 Xitro 4 ammobenzoic acid 




2000 

V 

2 Acetylamino 4-aminobenzoic acid 


SOOO 


SOOO 

VI 

3-Metho\y-4 ammobenzoic acid 

SOOO 

200 


8000 

VII 

2 Chloro-4 ammobenzoic “ 

200 



2000 

VIII 

3,5 Dimethyl -4 ammobenzoic acid 




500 

IX 

4,4'-Diammobenzophenone 




10 

X 

2 (p Ammobenzoylammo)-thiazole 




1 5 

XI 

p Ammoacetophenone 

600 

500 

400 

700 

XII 

p Ammophenylarsonic acid 




500 

XIII 

p Ammophenyl glycine 




2000 

XIV 

p-\minophenylacetic acid 

i I 

j 


4000 

XV 

p Aminobenzoyl Z-glutamic acid 




400 

X\I 

p Ammocmnamic acid 

1 



4000 

XMI 

p (4 Diethylaminophenjlazo) benzoic 1 






acid 

j 



400 

XVIII 

p Methylaminobenzoic acid 




2000 

XIX 

p Dimethylammobenzoic acid 




200 

XX 

p-Acetylaminomethjlbenzoic acid 




1000 

XXI 

p Guanidobenzoic acid | 




500 

XXII 

3 Methyl 4 nitrobenzoic acid 

1 

1 


2000 

XXIII 

3 Methyl-4 aminobenzamide 

2600 

1400 


3200 

xxn 

2,4 Dinitrobenzoio acid 




1000 

XXI 

4 , 4'-Dmitrobenzil 




10 

XXM 

p Dimethylammobenzaldehyde 




100 

XXI II 

4-Amino 1-naphthoic acid 




400 

XXVIII 

5 Ammothiophene 2 -carbovamide hy-. 

1 ! 



1 


drochlonde ^ 




1000 

XXIX 

5 \itrothiophene-2 carbo\amide 

4 

5 

40 

500 

XXX 

5-Nitrothiophene 2 carbovjlic acid 

40 

2 5 

20 

2000 

XXXI 

Methyl 2 (5 acetylammothienjl) ke 






tone 

20 

40 

60 

SO 

XXXII 

2 Ammo 5 carbo\ythiazole 




2000 

XXXIII 

5 Xitro 2 furoic acid 




4000 

XXXII 

5 Acetylamino 2 furoic acid 

1 



2000 

XXXI 

6 Ammo 3 carbo\ypy ridme I 

1 ^ 

12 


1000 


Sulfanilamide 

i 40 

12 

50 

2000 


Sulfapv ridine 

1 4 

10 

10 

2000 


Sulfathiazole 

1 0 ^ 

5 

5 

2000 


Sulfadiazine 

1 0 4 

2 

2 

2000 
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served It must therefore be assumed that these three analogues of PAB 
have one-fortieth to one-tv o-hundredths the antisulfonamide activitv 
of PAB 

N aphthakne Ring Analogue-Compound XXVII was bactencidal at high 
concentrations (10 to 40 mg per cent) and inactive at lower concentrations 
(<10 mg per cent) Bactenostasis did not obtam m the intermediarv 
range of concentrations 

Thiophene Ring Analogues— Compounds XXIX and XXX were both 
highly active and compared favorably with the most active sulfonamides, 

Table V 


Reversal hy p Aminohenzoic Acid of Baclenoatasis Induced by Analogues of 
p-Avttnobenzotc Acid 


Under test 

Concen 

tcatioQ 

> 

t> 

E 

Under lest 

Conccn 

tration 

1 

s 

£ 

1 

Com 

pound 

No 

Organism 

a 

bo 

o 

u 

8 

c 

tl 

A 

o 

c 

< 

Com 

pound 

No 

Organism 

Analogue 

u 

s 

c 

O 

n 



^09 

7 per 

Arj 



yfiT 

rttr 




KM 

<e 




ec 

cc 


I 

S hemolyitcua 

■ai!i] 

0 

<21 

XI 

E colt 

600 

6 

<24 


E colt 

300 

0 

24 

li 

{( U 


6 


11 

S hemolyticus 

IqSj 

6 

<15 

tt 

S hemolyticus 

1^ 

1 



ti tl 

K!!! 

1 


XXIII 

<1 l( 


D 

<16 

III 

E coll 


I 

18 

II 

E cob 


6 


V 

S hemolyticus 


1 

<17 

XXIX 

D pneumoniae 

25 

1 


VI 

(t tt 


1 

24 

XXX 

S hemolyticus 

4 

6 

<24 

ii 

it tt 


1 


tt 

D pneumoniae 


6 

<24 

it 

E coll 

1^5 

1 

64 

XXXI 

<1 tl 



64 

({ 

<( << 

e!^ 

1 

15 

tt 

tt II 

1 ^ 



VII 

(( <1 


1 

15 

XXXV 

<S hemolyticus 



'll 

n 

(( (( 

100 

1 

15 

// 

tl tl 

10 

1 

20 






It 

E coll 

6 

1 
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at least m their action on Streptococcus hemolyticus (Table TV) 
bacteriostatic effects v ere reversed by appropnate concentrations of Pj^ 
At high concentrations of these tvo drugs, the inhibitory effects on gro 
V ere not reversed by PAB The zone between bactericidal and bacteno 

static effects v as fairly sharp It is interestmg to note that the bacteno 
static effects of Compounds XXIX and XXX did not always run parauei 
Thus, vhereas Compound XXIX was about 10 times as active as Oom- 
pound XXX towards Escherichia coli. Compound XXX was ‘ 

as Compound XXIX tovards Streptococcus hemolyticus and Lhptacoccv 

pneumoniae 






















JOHNSON, GREEN, AND PATJLI 


45 


Thiazole Ring Analogue — Compound XXXII showed no bactenostatic 
action on the growth of the three test organisms 
Furan Ring Analogues — ^The two compounds of this group. Nos XXXHI 
and XXXTV, were found to be mactive At concentrations of about 100 
to 400 mg per cent Compound XXXIII was bactericidal and its inhibition 
of growth was not reversed by PAB 
Pyndine Ring Analogues — Compound XXXV showed considerable bac- 
tenostatic activity towards Escherichia coli and Streptococcus hemolyticus 
but no appreciable activity towards the pneumococcus (Table IV) The 
bactenostatic effects were reversed by PAB 

Table VI 


Antisulfonamide Action of Analogues of p-Amtnobemoie Acid 


Analogue 

1 

i 

Organism 

Concentration 

Reversal 

time 

Analogue 

Sulfapyri 

dine 



7 ptr cc 

7 Per ee 

hrs 

VII 2-Chloro-4 amino- 

D pneumoniae 

2 

15 

17 

benzoic acid 

S hemolyticus 

20 

16 

64 


E colt 

20 

IS 

24 

XV p-Ammobenzoyl-1- 

D pneumoniae 

0 4 

40 

64 

glutamic acid 

S hemolyticus 

4 

16 

64 


E colt 

400 

15 

64 

XVI p Aminocinnamic 

D pneumoniae 

1 

16 

64 

acid 

S hemolyticus 

1 

16 

64 


E colt 

160 

15 

64 

p-Aminobenzoic acid 

D pneumoniae 

0 01 

15 

64 


S hemolyticus 

0 05 

15 

24 



0 10 

15 

16 


E colt 

0 01 

15 

64 


Relation of Structure to p-Aminobenzoic Acid Antagonism 

Isocyclic Compounds — On the basis of the compounds thus far tested, 
the followmg generahzations can be advanced 

COOH 


6 3 

NHj 


1 Monosubstitution by neutral or veakly electropositive groups m the 
2 or 3 position of PAB yields compounds with bactenostatic properties 
There is httle to choose between the two positions as far as actmty is 
concerned 
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2 Disubstitution, whether in the 2,3 positions (Compound XXVII) or 
in the 3,5 positions (Compound VIII), results m compounds nhich a\hibit 
no bactenostatic action 

3 Replacement of the amino group by anj of the groups thus far studied 
other than nitro lesults m mactive compounds 

4 l^'anation of the carboxyl group bv replacement or by denvatnc 
formation may give compounds which exhibit PAR activity, bactenostatic 
activity, 01 neither No rational conclusions can be drawn 

0 Simultaneous \ anation of the ammo group, mcludmg replacement by 
the nitro group, and substitution m the benzene nucleus result m mactne 
compounds (eg Nos XXII and XXR ) 

6 Simultaneous ^ anation of the ammo and caiboxy groups gives inactive 
compounds (c g Nos XXV and XXVI) 

Heterocyclic Compounds Thiophene Analogues of PAB — The isostere of 
p-aminobenzamide, 5-ammothiophene-2-caiboxamide, was found to be m- 
active, iihile the isosteies of p-mtrobenzamide and p-nitrobenzoic acid 
n eie lughly active The inactii itj of Compound XXVIII may be due to a 
^ anation in chemical actn itv of the ammo group m the thiophene nucleus 
from that of a nomal aromatic ammo group Such a venation maj be 
dependent upon tautomeric effects, oxidation potential, or other properties 
1 In \uen of the inactivitv of Compound XXVIII, the actmtv of Com- 
|iounds XXIX and XXX is difficult to mteipret, smce the nitio group doea 
not lesemble the aromatic ammo group eithei in respect to chemical reac 
tmtj 01 physical dimensions It seems possible that some reduction 
product of the nitio group which moie closeh resembles an aiomatic ammo 
group might be formed and be lesponsible foi the bactenostatic action 
Efforts to prepaie the isosteie of PAB were not successful 

Tlnazole Analogue — The inactmtv of 2-amino-5 carbox 3 'thiazole might 
be due to the magnitude of the nucleus alteration as compared to PAB or 
to lariations m the chemical pioperties of one of the functional groups 
Attachment ot the amino group to a carbon atom Imked directly to sulfur 
IS a common piopeity of Compound'; XXI III and XXXII, a fact which 
IS of possible significance 

Furan Analogues — The inactmtv of the fuian denvatives as bacteno 
static agents suggests that the furan nucleus represents too wade a de 
partuie from the phenxl nucleus either foi plnsical or chemical reasons 
Pgndinc Analogue — The lather high actmtv of 6 amino-S-caibovj - 
pvndiiie as contrasted wuth the complete inactmtv of its isostere, 2-amino 
5 caiboxvthiazole, pi oxides fuithei evidence that chemical leactivitj o 
functional groups may be of gi-eatei significance than phs sical dimensions 
of the molecule in determining antibactenal actn itv for compounds le a e 
in structure to PAB 
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The authors desire to express their thanks to Dr R T Major for his 
interest and guidance in this work Microanalyses were executed in the 
Merck Laboratones under the direction of Mi D F Ha 3 'inan 

SUMJIARX 

Thirty-five compounds related m structure to PAB have been studied 
to determine their effect upon the growth of three bacteria Twelve showed 
bactenostatic effects which could be reversed by PAB, whereas three com- 
pounds behaved like PAB albeit much more w eakly m reversmg the bac- 
teriostasis mduced by the sulfonamides One of the compounds (2-chloro- 
4-ammobenzoic acid) showed bactenostatic effects at high concentrations 
and PAB action at longer concentrations 
Evidence is presented to indicate that the antibactenal action of PAB 
analogues may be detemuned by chermcal reactivity of functional groups 
as well as similanty m physical dimensions of the molecules to PAB 
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GLUCURONIC ACID SYNTHESIS AND THE GLYCOGEN 
CONTENT OF THE LIVER OF THE RAT* 

Bt DOMINIC D DZIEWIATKOWSKI and HOWABD B LEWIS 

{From the Department 0 / Biologtcdl Chemtstry, Medical School, 

University of Michigan, Ann Arbor) 

(Received for pubhcatios, January 3, 1944) 

It has been known for many years that a number of foreign compounds 
of varymg degrees of toMcity aie "detoxicated” by conjugation with glu- 
curomc acid and excreted m the urme as conjugated glucuronates It is 
beheved that the liver is the chief organ m which the synthesis of glucuronic 
acid and its conjugation mth these toxic substances occurs The distnbu- 
tion of /3-glucuromdase m the mammalian organism has suggested, however, 
that the process of glucuromc acid conjugation is not entirely confined to the 
hver (1) Evidence of the rflle of the liver m glucuromc acid metabolism 
has been obtamed m perfusion (2) and tissue shce (3) experiments, by hepa- 
tectomy (4), by the use of hepatotoxic substances (5, 6), and m studies of 
human pathology (7) 

The chemical ongm of the glucuromc acid used m detoxication is not 
clear It is improbable that it anses from preformed glucuromc acid m the 
orgamsm Quick (8) has suggested that the acid is denved from carbo- 
hydrate and considers it probable that “the precursor of glycuromc acid is 
denved more readdy from glycogen or glycogemc ammo acids than from 
glucose ” Such an ongm from glycogen rather than from glucose is not 
inconsistent with the present hypothesis of the metabolism of carbohydrate 
in which phosphorolysis, rather than simple hydrolysis, of glycogen plays 
an important rfile 

If glycogen serves as the precursor of glucuronic acid, it might be antici- 
pated that administration of compounds for whose metabohsm glucuromc 
acid IS mobihzed might result m a dimmution of hver glycogen The 
results here presented show that, after the admmistration of Z-menthol or 
of sodium tertiary butyl acetate to young white rats, the content of the 
glycogen m the liver is lower than m control animals /-Menthol has long 
been known to be excreted as menthylglucuromc acid and, m unpubhshed 
experiments from this laboratoiy, the oral admmistration of the sodium 
«alt of tertiary butylacetic acid has been shoivn to result m the excretion of 
considerable amounts of "extra” glucuromc acid 

• This work was supported m part by a grant from the Mallmckrodt Chemical 
Works of St Louis 
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EXPERIMENTAL 

Male \\ hite i ats, of fi om 145 to 200 gm in n eight, w ei e fed a standard stock 
diet ad libitum foi 7 to 14 dajs, food being a-vailable at all times until the 
cxpeiimental compounds were administered by stomach tube After the 
beginning of the experimental period, water uas available but no food uas 
given After 4 hours, the rats were killed bj a blou on the back of the neck, 
and the glycogen content of the liver u as determined bv the method of 
Good, Iviamer, and Somogji (9) 

Foul gioups of animals were used in parallel evpeiiments Group 1 
received 2 ml of water and served as controls Group 2 was fed by tube 
0 40 to 0 45 gm of 1-menthol, which had been melted and kept at a tempera- 
ture of 50-60° Groups 3 and 4 received 2 ml of solutions containmg 0 40 
and 0 318 gm , respectively, of the sodium salts of tertiary but\lacetic and 
butyric acids Group 4 served as an additional control, since butyric acid 
IS leadily oxidized and is not known to be excreted in conjugation with 
glucuronic acid The amounts of the three experimental substances fed 
weie approximateli equimolecular Since menthol was not soluble in 
w ater, it was difficult to administer it quantitatii elj 

Examination of Table I shows that the glycogen contents of the livers of 
.those rats fed eithei of the two substances known to increase the excretion 
|bf urinary glucuronic acid were definiteh less than those of rats which 
leceived eitherwatei aloneoi the easily oxidizable sodium butyrate There 
was no overlapping of the values in the diffeient groups, except with one 
rat m the control (w ater) group, and theie is every reason to believe that the 
results are significant The high values for li\ er gl\ cogen observed after 
the feeding of sodium butj rate demonstiate that the administration of the 
salt of a fatty acid does not necessarily result m a lowered content of liver 
gljmogen The significance of the higher concentration of liver glycogen 
aftei sodium butv rate as compared with the control group fed water only 
IS not clear It is possilile that the butj rate is oxidized readily and thus 
piotects the liver glycogen so that glycogenolvsis is diminished or that 
under the conditions of these expeiiments butjiic acid contributes to the 
syntheses of Imer glj cogen Although butyiic acid is not usually consid- 
ered as a glycogenic substance, recent experiments hav'e indicated a conver- 
sion of butyric acid to glycogen of the hvei (10) 

It was not possible to determine glucuronic acid m the urine of the 
particular animals sacrificed foi the determination of hv er gl} cogen De- 
terminations of the glucuronic acid content of the mine of other rats receii- 
ing menthol or the salt of tertiary but} lacetic acid hav e shown, as in e 
rabbit, a very consideiable increase in the glucuronic acid content o ® 
urine No similar increase was obsenmd when sodium butyrate was e 
There appeal’s to be little question, therefore, tint the diminished con en 
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of Iner glycogen recoided in Table I is to be i elated to glucuronic acid 
s 3 Tithesis in the organism 


Table I 

Glycogen Content of Liver of Young White Rat after Oral idmimstralion of I Menthol 
and Sodium Salts of Tertiary Butylacetic and Butyric Acids 


The animals were killed after a 4 hour absorption period The amounts of the 
a anous compounds fed n ere appro\imately equimolar (2 9 mm) 


Group 

No 

Substance fed 

Body weight 

Lit cr 

Weight 

GJ> cogen 

Average 
glj cogen 



sm 

fW 

per cent 

per cent 

1 

Water, controls 

164 

6 75 

3 42 

3 58 



162 

6 40 

4 43 




ISO 

8 80 

1 03 




146 

6 83 

3 71 




149 

7 10 

4 28 




1S8 

9 SO 

4 87 




180 

8 00 

3 S3 




163 

7 60 

3 06 


2 

1-Menthol 

156 

5 55 

1 74 

1 60 



156 

6 10 

1 42 




180 

8 65 

1 30 




168 

6 93 

1 77 




171 

6 75 

1 70 




191 

9 15 

1 36 




173 

7 15 

1 95 


3 

Sodium tertiary butyl 

176 

7 55 

0 60 

0 95 


acetate 

162 

5 90 

0 57 




195 

7 90 

1 24 




163 

9 05 

1 07 




152 

5 55 

0 14 




ISO 

7 00 

1 43 




1S7 

8 70 

1 20 




ISO 

8 40 

1 35 

t 

4 

Sodium n butyrate 

, 176 

9 20 

5 92 

6 39 



184 

9 95 

6 05 




196 

9 70 

6 95 

1 



197 i 

9 70 

5 00 




ISO i 

10 78 

8 '01 




161 j 

9 05 

6 81 




190 

10 50 

6 10 




187 

9 40 

6 35 



PreMous suggestions of the relation of Inci gheogen to glucuronic acid 
SMithesis have been limited to qualitatne and histological observations 
Thus Schmid (11) showed that, in hibernating fiogs whose liier gheogen 
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vas depleted, the tolerance for menthol was greatly diminished, vhile 
Kobayashi (12), in experiments with rabbits, observed that the hver ceEs 
contamed little glycogen, as detected by histological methods, vhen the 
animals had previously received avertm (tribromoethanol) which is ex- 
creted as a conjugated glucuronate Lutwak-Mann (13) found that the 
livers of rats which received sahcyhc acid subcutaneously contamed httle 
glycogen m 4 to 7 hours after the mjection Although it has been stated 
that sahcjdic acid is excreted as a glucuromde, LutwaL-Mann was unable 
to detect an> appreciable amounts of glucuromc acid m the urme, and 
mterpreted the disappearance of liver glycogen as due to the “profound 
changes m metabolisin’’ resultmg from the mjection of salicylate, rather 
than from the utilization of hver glycogen m the S3Tithesis of glucuronic 
acid The present experiments suggest strongly a r61e of glycogen in the 
mobilization and production of glucuromc acid for detoxication 

SUMMARY 

4 hours after the oial administration of hmenthol or sodium tertiarj 
butyl acetate to w'ell fed 3 'oung white rats, the glycogen content of the hver 
w as much depleted in comparison to that of control animals which were fed 
water alone or sodium butyrate Smee the administration of i-menthol or 
■ tertiary butylacetic acid results in the excretion of considerable amounts 
l^of "extra” glucuromc acid in the urme, the data suggest that liver glycogen 
IS used m the synthesis of glucuronic acid 
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(Received for publication, November 1, 1943) 

It has been found (1) that lower saturated fatty acids are oxidized by a 
system formed by a preparation of hver enzymes \vith the addition of ade- 
nylic acid, cytochrome c, morganic phosphate, magnesium ions, and fuma- 
rate In the absence of added fatty acids phosphopyruvate or a similar 
substance accumulated, whereas this did not occur m the presence of fatty 
acids 

This paper descnbes expenments which were undertaken m order to 
study the possibihty of leplacing fumarate by other components of the 
citnc acid cycle, the formation of phosphopyiuvate and its influence on the 
oxidation of butyrate, and the i elation between oxidation products and 
oxygen uptake 

EXPERIMENTAL 

Methods 

The general technique was the same as that descnbed previously (1) 
The concentration of magnesium chlonde used for prepanng the enzyme 
wasO SMmsteadof 1 M Expenments ivere earned out m 50 cc Erlenmeyer 
flasks filled with oxygen and shaken at 80 oscillations per mmute It w’as 
found that m air the reaction rate may be limited by the rate of oxygen 
diffusion 

The foUowmg methods of preparation were used adenyhc acid, Loh- 
mann (2), phosphopyruvic acid, Kiesslmg (3), 3-phosphoglycenc acid, 
Neuberg and Kobel (4) , sodium pyruvate, Robei tson (5) The sample of 
sodium of-glycerophosphate was from The British Dnig Houses, Ltd All 
substances were added as sodium salts 

Methods of estimation were as follows phosphate, after Fiske and 
Subbarow (6), butyrate after Munoz and Leloir (1), ketone bodies after 
Edson (7) , phosphopjTTUvate aftei Lohmann and Meyerhof (8) and bj' esti- 
matmg pyruvate before and after 1 hour’s hj drolysis m 1 n HCl at 100° 
A colonmetnc method with 2 ,4-dimtrophenylhydrazme was used (9) 

Some Properties of Enzyme System — ^The activity of the system is mam- 
tamed for more than 90 mmutes at 25° m oxygen when all the components 
and substrate are present If butjuxite, adenyhc acid, or cytochrome is 
added after 10 to 15 mmutes mcubation, there occurs a complete mactn a- 
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tion If pynivate instead of biitj rate is added, the activity is maintained 
It appears that the s\stem is more stable when certain substrates are being 
oxidized Many unsuccessful attempts have been made to stabilize the 
system by other procedures 

Microscopic examination shows that the preparation contains nuclei and 
many cell particles 

The preparation appear^ yellowish white and a spectroscopic examina 
tion shows a band at about 560 m/i, coriesponding probably to cytochrome 
b, and a fainter band at about GOO mji, corresponding to cytochrome a No 
cytochrome c is detectable As these bands appear on reduction, thej can 
be used m ascertaining the activity of the system 

Aclion of Different Substances on Butyrate Oxidation — It was previously 
stated (1) that fumarate could not be replaced by succinate As is shown 

Table I 

Action of Succinate, Malate, Citrate, and Glutamate on Oxidation of Butyrate 

Disappearance of butv rate (micromoles) produced by 2 5 ml of liver enzymes + 
0 2 ml of m/ 15 phosphate buffer of pH 7 7 + 0 1 ml of 0 1 m magnesium chlonde + 
0 5 mg of cytochrome c preparation + 1 mg of adenylic acid + 0 I ml ofOlMsodium 
a-glycerophosphate + 17 micromoles of butyrate Total volume, 6 ml 90 minutes 
at 25° in oxygen 


Additions 

200 mtcromoles 

20 micromoles 

2 mtcromoles 

Succinate 

1 8 

8 9 

8 5 

Fumarate 

8 6 

9 4 

8 4 

Malate 

0 

9 6 

8 0 

Citrate 

1 2 

8 3 

8 4 

Glutamate 

0 1 

7 4 

3 4 

None, 2 4, 1 7 





m Table I, this is true only for higher concentrations (0 03 m) The same 
IS time w ith malate and citrate ItTien medium concentrations (0 003 m) 
are used, succinate, fumarate, malate, citrate, and glutamate are all active 
At still lower concentrations (0 0003 m) they are all active, but glutamate 
IS only slightly active Aspartate showed no action The amount o 
butyrate which disappears mav be 3 oi 4 times greatei than the amount o 
added succmate, fumarate, malate, or citrate This fact is a clear in ica 
tion that these substances act catalytically In the experiment shown m 
Table I a glycerophosphate w as added because it w as found that in some 
preparations it accelerated the disappearance of butyrate 

Formation of Phospliopyruvatc— It was previously found (1) that pho^ 
nhopyruvate or a similar substance accumulated w hen fumarate was a e , 
but not when fattv acids weie also present The formation of phospi 
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pyru^ ate from substances nhich are active m piomoting butyrate oxidation 
was therefore studied As is shown in Table II, phosphopyruvate nas 
formed from succmate, fumarate, malate, citrate, and also m smaller 
amounts from glutamate In the presence of fluonde (0 02 m) the formation 
is practically the same in all cases, the only difference bemg that there 
occurs a greater disappearance of morgamc phosphate There is also a 
greater uptake of inorganic phosphate mth all the additions as compared 
ivith the control 


Table II 

Formation of Phosphopyruvate 

Composition of the system 2 5 ml of liver enzymes + 0 2 ml of m/I 5 phosphate 
buffer of pH 77 + 01 ml of 01m magnesium chloride + 05 mg of cytochrome c 
preparation + 1 mg of adenylic acid + 0 2 ml of 0 1 m additions Total volume, 6 
ml 90 minutes at 25° in oxygen The results are given in micromoles 


Additions 

1 

Inorganic ! 

P libeiatey by 

Pyruvic acid 

HgCI, 

Hypoiodite 

Before 

After 60 
mm at 
100 m 
nHCI 

None 


0 

0 4 

0 

1 5 

“ + 0 02 M NaF 


0 7 

0 1 

0 

1 9 

Succinate 

12 6 

3 7 

3 2 

0 

5 3 

“ + 0 02 M NaF 

2 9 

4 9 

4 0 

1 6 

8 5 

Fumarate 

11 1 

4 9 

4 2 

0 

6 8 

“ + 0 02 M NaF 

2 3 

5 5 

4 8 

1 0 

8 4 

Malate 

12 1 

3 5 


0 

5 3 

“ + 0 02 M NaF 

2 9 

4 9 


0 6 

7 2 

Citrate 

8 2 

5 8 


0 

8 2 

“ + 0 02 M NaF 

3 3 

4 2 


2 6 

8 0 

Glutamate 

14 4 

1 5 


0 

2 5 

“ + 0 02 M NaF 

5 1 

1 9 

11 

0 

3 6 


The estimation of phosphopyruvate by the hypoiodite and mercunc 
chlonde methods gave piactically the same results The amount of pjTU- 
1 ate hbei-ated by acid hydrolysis gat e higher values, presumably because 
of some mterfenng substance, but the results were parallel with those 
obtamed by other methods No p 3 ravate n as present before hj'drol} sis 
except m the presence of fluonde plus succmate, fumai-ate, malate, and 
citrate, when a small amount accumulated Smaller amounts of succmate 
and fumarate, while still promotmg the oxidation of butymte, do not lead 
to the accumulation of detectable amounts of phosphopj^mvate 

The addition of 3-phosphoglycerate produced a formation of phospho- 
pyruvate w hich w as completelj’’ suppressed by 0 02 m fluonde This show s 
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that enolase is inhibited Iiv that concentration of fiuonde and therefore that 
phosphopyruvate maA be formed by a mechanism m ivhich enolase is not 
inimlved No phosphopyruvate was formed from lactate or pyruvate 
Components N ecessary for F ortnalton of Phosphopyruvate — As is shonii m 
Table III, no phosphopyruvate is formed from fumarate m the absence of 
cytochrome c, adenylic acid, or inorganic phosphate Adenylic acid is also 
necessary for phosphopyruvate formation from succmate or citrate 
Action of Malonate on Phosphopyruvate Formation — ^As malonate is known 
to inhibit succmic dehydrogenase, it was considered that it might be useful 
as a means of finding out which substance is the immediate precursor of 
phosphopyruvate If it were fumarate, an mhibition of phosphopyruvate 
formation from succmate but not from fumarate would be expected How - 
ever, it was found (Table I\'I that malonate inhibits phosphopyruvate 
formation from succinate, fumarate, and citrate approximately to the same 

Table HI 


Components Necessary for Formation of Phosphopyruvate 
The complete ai^tem was as in Table II with fumarate The results are given in 
micromoles 


1 

loOf^QlC P 

P liberated by 
hypoloditc 

P> ruvlc acid 
liberated by acid 

Complete system 

9 3 

5 8 

0 5 

No cytochrome 

18 9 

0 3 

0 4 

“ adenylic acid 

10 1 

0 9 

0 6 

“ phosphate 

34 

1 0 

1 6 

“ fumarate 

19 0 

0 6 

0 5 


degree At 0 001 m there is almost no inhibition and with a higher concen 
tration (0 005 m) formation of phosphopyruvate is almost completely 
inhibited 

Influence of Phosphopymvate on Butyrate Disappearance — As phospho 
pyruvate is formed from the compounds w hich promote butyrate oxidation, 
the action of sjmthetic phosphopyruAmte was studied Cunously enough 
it was found that phosphopA'mvate is active onlj’’ m a medium contaimng 
bicarbonate (Tables V and VI) If phospliate buffer was used and the 
carbon dioxide was absorbed with alkali, hardly any disappearance o 
butyrate occurred This effect is not due to differences m the pH of the 
medium, as was proved bj measurements with a glass electrode More 
over, the bicarbonate buffer did not affect the butyrate oxidation when 
fumarate mstead of phosphopyruvate was used 

The rate of butyrate and phosphopjTuvate disappearance woth and wi - 
out bicarbonate ivas studied (Table V) Phosphopyruvate disappeared 
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^^thm 20 minutes m the presence of bicarbonate and butyrate Hou ever, 
butjrate contmued to disappeai e\en after phosphopyruvate uas not 
detectable any more In the absence of bicarbonate the disappearance of 
phosphopymvate Mas slouer and hardly anj" butyrate Mas oxidized 
It M as found that the disappearance of butjTate m the presence of phos- 
phopy^ruvate occurred onl} Muth cytochrome c, adenyhc acid, and bicar- 
bonate present (Table VI) Without added morgamc phosphate there m as 

Table IV 


Aclton of Malonaie on Phosphopyruiate Formalton 
The complete system was as in Table II The results are given in micromoles of 
phosphate liberated by hypoiodite 



Malonate concentration 

0 

0 001 M 

0 003 It 

1 0 005 it 

Succinate 

2 8 

2 6 

1 3 

■ni 

Fumarate 

2 0 

2 0 

1 2 


Citrate 

6 3 

4 7 

2 2 

■Hi 


Table V 

Influence of Carbon Dioxide on Bul^ate and Phosphopyruvate Disappearance 
Composition of the system 2 5 ml of liver enzymes + 0 2 ml of m/15 phosphate 
buffer of pH 774-01 ml of 01m magnesium chloride -f 0 5 mg of cytochrome c 
preparation -b 1 mg of adenylic acid -b sodium phosphopyruvate -b 16 9 micromoles 
of butyrate Senes A, -b 0 3 ml of 0 15 M sodium bicarbonate, gas, 2 per cent carbon 
dioxide in oxygen Series B, no bicarbonate, oxygen, CO. absorbed with alkali 
Total volume, 6 ml The results are given in micromoles 


Time 



0 mm 

10 

mm i 

20 

ram 

30 

mm 

60 

mio 

90 

min 

Senes A (with 

Butyrate 

16 9 

16 8 

15 4 

14 5 

11 7 

9 5 

CO,) 

Phosphopyruvate 

1 8 

0 3 

0 

0 

0 

0 

Senes B (no 

Butyrate 

16 9 

16 7 

16 6 

15 6 

14 7 

15 0 

CO,) 

Phosphopyruvate 

2 

1 2 

1 4 

1 0 

0 6 

0 1 


a small disappearance, but the enzyme preparation alread 3 ’' contamed a 
certam amount of phosphate In the expenment shoMm m Table VI the 
estimations of phosphopyruvate Mere earned out after 40 mmutes of incu- 
bation, whereas butyrate Mas estimated after 90 mmutes, as the former 
compound disappears faster than the latter 
Phosphop 3 rruvate disappears faster when butyrate is oxidized The 
absence of anj’’ of the components necessary for the oxidation slows doMm the 
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rate of disappeAnnce In the absence of bicubonate, phosphopyrai ate 
geneiaUy produces an inhibition of the small biitjrate oxidation which 
occurs when no phosphopyruvate is added 

Influence of Pyruvate and Lactate— Both these substances increase the 
rate of butyi ate oxidation Hoii e\ er, m the majority of expeninents they 
were less actixe than fumarate or phosphopynu ate plus carbon dioxide 
Their action, in contrast to that of phosphopj'nix'ate, is not influenced bv 
the presence of carbon dioxide In some expenments the disappearance 

Table VI 

Disappearance of Butyralc and Phosphopyruvate 
Composition of the complete system as in Table V, Senes A Time of incubation 
at 25°, 40 minutes for phosphate estimation, 90 minutes for butyrate The results 
are given in micromoles 



Butyrate 

disappearance 

Inorganic P 

Phosphopyru\ate 

Complete system (initial) 


15 I 

5 5 

<< l< 

9 1 

20 6 

1 8 

A'o cytochrome 

0 

20 2 

3 3 

“ phosphate 

6 7 

9 8 

0 5 

“ adenylic acid 

0 

19 1 

2 4 

" phosphopj ruvato 

1 2 

17 5 

0 4 

“ bicarbonate 

0 

17 8 

4 6 

" butyrate 


19 5 

3 5 


Table VII 

Oxyycn Uptake and Formation of hclonc Bodies 
Complete system as in Table II, 2 micromoles of fumarate, 90 minutes at 25’ 


The results are given in micromoles 



Oxygen 1 
uptaLc 1 



Acelo* 

acetate 

fi Hydroxy 
butyrate 

Complete sjstem, no butyrate 

24 1 

2 2 


0 

0 8 

Same + 18 micromoles biitj rate 

1 

43 4 ; 

23 2 

i 

9 6 

6 8 

1 7 2* 

b 


• Aniline method 


produced by addition of lactate or py nix ate x\ as increased by bicarbonate, 
but the blank xxas affected to the same extent 

Oxygen Uptake and Reaction Product — In a previous paper (1) the oxygen 
uptake xxas measuied in the system xiith a high concentration of fumarate 
Tndei these conditions the o\-ygen uptake of the blank xvith no ^’'^tyrate 
xxas rather high After subtraction of this blank xalue, it xxas found m 
about 1 molecule of oxygen per molecule of butyrate xxas used up e 
amount of acetoacetate formed xxas small 
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In the latei experiments m which a low concentration of fumaiate was 
used, the oxvgen uptake of the blank was much lowei This gives more 
significance to the results, as it is doubtful whether the oxygen uptake of 
the blank should be subtracted ftoni the uptake with butjTate 
The results of an experiment in w Inch both oxj’’gen uptake and the ketone 
bodies fomied w ere determined are reproduced m Table The amount 
of acetoacetate formed pei molecule of but^iate was 0 7 molecule, and 
theie was good agreement between the aniline and the modified Van Sljke 
methods About 0 5 molecule of /3-h^dloxybut^Tate was formed There- 
ioie it can be considered that all the butjrate which disappears is trans- 
formed mto ketone bodies The oxidation of butyrate to acetoacetate 
should require 1 molecule of ox^ gen The uptake of ow gen actuallj found 
was about 4 molecules per molecule of butxrate These high values, 
rangmg from 3 to 4, hav e been obser\ ed in many eiqienments The carbon 
dioxide foimed was about 2 2 molecules per molecule of butyrate 
The identitj’' of the substance w hich is oxidized together w ith butaTate 
has not been established 


DISCUSSION 

The rate of butyrate oxidation is increased ba substances w Inch mten ene 
m the Krebs citnc acid c\ cle The same substances give rise to phospho- 
pa ruvate The latter substance is also active, but only m the presence of 
carbon dioxide It is difficult to ascertam which is the active substance, 
because enz3Tnes are present which cataljze their mterconversion For 
phosphopjTui ate it appears piobable tliat there nught occur a carboxjla- 
tion to a phosphorylated C4 compound A carbon dioxide fixation on a 
phosphorylated compound has been suggested bj Werkman and Wood (10) 
As to the tjqie of reaction between the active compound and butjTate 
nothing is known ButjTate appears to be oxidized to acetoacetate w ithout 
an intermediaiy formation of /S-hjdrox-j butjTate Most preparations 
formed acetoacetate at a higher rate from butj rate than from /3-hj drox\ - 
butvrate and in some enzj-me preparations /S-hj’^droxjffiutyrate was not 
oxidized, w hile butyrate w as Similar results w ere obtained bj Jow ett and 
Quastel (11) m lixer slices 

Ihe high 0X1 gen uptake and carbon dioxide formation show that some 
other substance is oxidized together with butjTate Either there is a coup- 
led reaction or butjrate acts bi maintaining the actiny of some part of 
the sjstem necessan for the oxidation of othei substrates 

SUJniAKl 

Succinate, fumarate, malate, citrate, and glutamate increase the rate of 
but\ rate oxidation bi preparations of lix er enz\ me These same sub- 
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stances give nse to a formation of phosphop} ruvate The latter «as also 
active, but only in the piesence of carbon dioude, whereas pj’ruvate and 
lactate were less acti\e Ko phosphopj ruvate was formed m the absence 
of adenylic acid, c3dochrome c, or inorgamc phosphate Malonate at 
different concentrations equally inhibited phosphopyrui ate formation from 
succmate, fumarate, or citrate 

Butyrate was nearly all recoiered as acetoacetate, but the amount of 
oxygen used was greatly in excess for this reaction 
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PYRBIIDIXE XUCLEOSIDES AND NUCLEOTIDES AS 
GROWTH FACTORS FOR IMUTANT STRAINS OF 
NEUROSPORA* 

HUBERT S LORING a\d JOHN G PIERCE 
(From ihe Department of Chemistry, Stanford University, California) 

(Received for publication, January 6, 1944) 

By means of \-iay and ultra-violet treatment Beadle and Tatum have 
produced mutant strains of Neurospom -which differ from the normal mid 
type m their inability to grow on a simple medium conta inin g salts, sugar, 
and biotm (1) In many mstances it has been found that the medium may 
be made adequate for normal growth by the addition of yeast extract or a 
specific, -\Vell known cell constituent such as a -w ater-soluble -vitamm or an 
essential ammo acid It appears, therefore, that the new mutant is unable 
to sjTithesize the missmg constituent and from the genetic e-yidence in the 
cases exammed is differentiated from the normal by a smgle gene 

Among the ne-w mutants isolated uas one, Stram 1298, that m prehm- 
mary experiments by Tatum and Beadle appeared to reqmie uracil as a 
giowth factor (2) Further experiments mth this stram and with anothei 
pjnmidme-deficient mutant, Stram H263,' by the present authors showed 
that uracil uas an effective growth factor, and, m fact, superior to yeast 
extract A systematic e-vammation of the constituents of yeast nucleic 
acid as giowth factors for these mutants showed that the pynmidme nu- 
cleosides or nucleotides were from 10 to 60 tmies as active as uracil Cyto- 
sme and thjunme were completely meffectixe for one stram. No 1298, but 
provided for some growth on the other, Stram H263 Other pj nmidmes 
or related compounds exammed for growdh actmty mcluded 5-ammouracil, 
isocytosme, orotic acid (uracil-4-carbo-^Iic acid), barbitunc acid, methyl- 
cyanacetylurea, a mixture of the isomenc 2,6-ammochloropyTimidmes, 2- 
methoxy-6-ammopyrimidme, thiamme hydrochloride, adenme, guanme, 
and xanthme Of these substances, only orotic acid proved to have ap- 
preciable activity^ the others either failed entwely to promote growth or 
the amount of grow'th was neghgible Both mutants produced conidia 
as w'ell as mycehal growffh on all active supplements 

EXPEHTUEXTXL 

Measurement of Growth — The composition of the basal medium has been 
described m detail by- Horowitz and Beadle (3) The stock cultures were 

* Aided by a grant to Professor G W Beadle from the Nutrition Foundation, Inc 

' This mutant, Strain H263, was isolated bj F P Hungate and kindh made av ail- 
able for this work 
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maintained on agar slants containing the basal medium supplemented 
■\\ ith 5 mg of uracil per 10 ml In most of the quantitatn e experiments 
growth A\as measured b\ the late of progression of the miceha on agar 
medium in horizontal tubes at 25° (1) These i\eie prepared bi adding 
the supplement m each case to the basal medium containmg 3 per cent of 
pvndine-extracted agar Inoculations Mere made bx means of a stenle 
loop from a spore suspension in stenle distilled xxatei The tubes iiere 
marked for the first time about 24 hours after inoculation to allow suffi- 
cient time for the mycelial front to become well established After this 
thej were marked either at 12 or 24 hour mtenmls over a period of 3 or 4 
daj's, and the average rate in mm per hour was calculated As rates of 
less than 1 mm pei hour could not be measured w ith any degree of ac 
curacy oxer the usual 12 hour peiiod, thev xxere calculated from the total 
distance covered bj the mj cein duimg the expenment 

Materials — ^The samples of the px iimidme nucleotides xxere obtained from 
j east nucleic acid after hj drolx sis xvith nbonuclemase as described bx bor- 
ing and Carpenter (4) and also after alkalme hydrolj-sis ((5) p 218) 
C3 tidjdic acid w as used in the form of the free acid, uridx he acid as the 
crystalline diammomum salt 

Cxtidme x\as prepared fiom pure cj'tidyhc acid after acid hxdrohsis, 
essentially as given bj Lex ene (6) 1 5 gm of c} tidj he acid dissoh ed m 

3 ml of 10 per cent (bj weight) sulfuric acid in a sealed tube were hx- 
drolyzed by heating in an oil bath at 130° for 4 hours The hydrolx sate 
XX as freed of phosphate and sulfate bj means of barium hj^droxide, and 
cytidine xxas precipitated as the picrate The latter after recrj^stalhzation 
was conxerted to the sulfate bj the usual procedure ((5) p 165) 265 mg 

of a product xx'hich melted xxith decomposition at 222° xxere obtained 
After tw o recrystallizations the decomposition pomt was raised to 232-233 
XX hen the sample was placed in the bath at 228° 

The conditions of hxdiolxsis mentioned for the preparation of cxtidine 
aie those given by Levene and coxxorkers ((7), (5) p 202) for the con- 
version of cjtidyhc acid to extosme Hoxxex'er, in the publication cited 
aboxm (6) cj^tidme w as isolated under these conditions In an expenment 
m xvhich 100 gm of j east nucleic acid w ere autoclaxmd xx ith 10 per cent 
sulfunc acid m an attempt to prepare cytosme, onlx 20 mg of the free base 
xxere obtained When the mother liquors were worked up for cxti me 


sulfate, 320 mg were isolated . . . „ , , „i 

Cj'tidine sulfate was also prepared bj the method of Brederec 

(8) Tlie xield from 100 gm of nucleic acid was 1 1 gm , , . nt 

Uridme xxas not isolated but xxas prepared m solution bj the rea me 
oI cytidme sulfate with nitrous acid ((5) p 169) Excess nitres acm 
XX as removed by evaporation to drj ness m lacuo A quantitatix e 
Sion to undme xvas assumed 
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Uracil ^\as in pait obtained from a commeicial source (Eastman Kodak 
Company) and in part sjnthesized by the method of Davidson and Bau- 
disch (9) The piodiict obtained by the latter procedure after recrj^stal- 
hzation melted u ith decomposition at 336° 

C^toslne, the isomeiic 2,6-ammochloropy'nmidmes, and 2-metho\j-6- 
ammopyrunidine w ere synthesized bv the method of Hilbert and Johnson 
(10) From an initial 25 gm of uracil 2 15 gm of free cytosme uuth a de- 
composition point of 318° uere obtained It was also prepared by the 
hydrolysis of cytidine sulfate as gii'en by' Hunter and Hly'nka (11) for the 
preparation of c^ tosme from y'east nucleic acid 500 mg of cy tidme sul- 
fate dissolved m 5 ml of 20 per cent hydrochloric acid weie heated m a 
sealed tube at 175° for 2 hours The excess hydrochlonc acid was re- 
moved in lacuo, and the residue was redissolved m water and treated with 
an excess of hot banum hydroxide The suspension was distilled in vacuo 
to remove ammonia, and the banum was removed quantitatively wth 
sulfunc acid The filtrate was decolonzed with nont and concentrated to 
a small volume in vacuo 64 mg of uracil, w'hich melted with decom- 
position at 332°, crystaUized from the solution The filtrate was further 
concentrated, and a small amount of insoluble matenal filtered off MTien 
the latter filtrate was made alkalme Avith concentrated ammonium hy- 
di oxide, a typical crystalline precipitate of cy'tosme separated After 
lecry'stallization from dilute ammonia 52 mg of cytosme wuth a decom- 
position point of 315° were obtamed A mixture with the synthetic prod- 
uct showed no depiession of the decomposition pomt 

Thymine and methylcyanacety’lurea were sy'nthesized by' the method of 
Bergmann and Johnson (12) The melting pomts of the two latter com- 
pounds were 318-319° and 192° respectively Samples of synthetic cy'to- 
sine, isocytosme, and orotic acid were kindly' proxided by' Professor T B 
Johnson ^ 

Results of Grouth Experiments — The kmd of grow th response found vaned 
with the nature of the supplement With the more active factors, con- 
stant growth rates at different lex els for the different concentrations were 
reached 12 or 24 hours following the mitial lag penod IVhen uracil or 
orotic acid xvas used, however, a phenomenon of adaptation xxas observ'ed 
(13) Whereas the mitial rate on a suboptimal concentration was low or 
even negligible, the values increased progressively w'lth time The be- 
hax'ior of mutant Stram 1298 on different lex els of undy he acid and uracil 
is show'n graphicallx' m Fig 1 For companson, a curve shoxx mg the be- 
hax lor of the normal or wild ty'pe Neurospora on the basal medium supple- 
mented with 10 mg of uracil per 10 ml (Curx e o) is also showm The ax er- 
age groxxth rates on different uracil and undy he acid concentrations for 
each 12 hour mcubation penod xxere plotted against tune as the mycelial 

’ IVe should like to express our thanks to Professor Johnson for these samples 
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front ad^ anced donm the length of the tube With both uracil and uridj he 
acid maximum growth rates comparable to that of the Mild type Mere ob- 
tamed at levels of 10 and 1 mg respectn ely per 10 ml of medium (Curves 
h and c) With 0 08 mg of urid\ he acid per 10 ml , a constant growth 
rate m as established at about 1 4 mm pei hour (Curve e) With less than 
the optunal concentration of macil, hoMever, le 2 or 3 mg per 10 ml 
(Curves d and h), the late increased with time, and the maximum Mas ob- 
tamed after about 72 houis With a concentration of 1 mg of uracil per 
10 ml , no signs of groMth Mere evident for about 48 hours (Cnvvef), but 
after this a progressively increasing rate of growth was observed It was 



Fig 1 Bates of growth of the mutant Strain 1298 on uracil and uridyhc acid after 
different incubation periods Concentrations are expressed as mg per 10 ml of 
basal medium Curves b,h,d, and f, 10, 3, 2, and 1 mg of uracil respectively , Curves 
c, e, and g, 1, 0 08, and 0 025 mg of uridjlic acid respectivel> , Curve a, wild type 
control on 10 mg of uracil 

not determmed, however, m hether or not, if given sufficient time, the maxi- 
mum rate m ould have been obtamed m this case As the concentrations 
are mcreased 2- or 3-fold above the optimum values, maximum growth 
rates are also found When the concentration of uracil was mcreased to 
100 mg per 10 ml , hoM'ever, a defimte inhibition of groM th Mas observed 
The maximum rates of groM th of the two mutants on each of the different 
supplements are summarized in Table I Several strikmg differences be- 
tween the two mutants are apparent from these results While Strain 
1298 fails completely to groM on the basal medium, Stram H263 grows at 
a rate of approximately 0 25 mm per hour The latter stram. m conti^t 
to Stram 1298, also shoMS an appreciable abihty to utilize evtosme, thy- 
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mine, and j^east nucleic acid Unlike Strain 1298, hoiveier, it has failed 
to show as high a maximum rate of growth as that foimd for the wild tj-pe 
The relative eflScienci of undme, cytidme, undyhc acid, cytidj he acid, 
and uracd m promotmg grou th of the mutant Stram 1298 is shown in Fig 
2 The growth rates were plotted as a function of the logarithm of the con- 
centration expressed as micrograms per 10 ml of medium The pomts 
shown are the averages of two or more experiments m each case From 
these results it is apparent that undme is the most active growth factor for 
this mutant, promotmg maximum growth at a level of 160 7 per 10 ml 
Cytidme is shghtly less active, maximum growdh bemg obtamed at about 


Table I 

Maximum Rates of Growth of Mutant Strains 1S98 and ffSSS on Various Supplements 


Supplement ^ 

! Concentration 
in medium 

Rate of growth 

1 Strain 129S | 

Stram H263 


mg per 10 ml 

mm Per hr 

mm per hr 

Uracil ' 

' 10 

4 0, 4 0, 4 1* 

2 s, 3 2, 3 3 

Cytosine j 

1 

0 

1 2, 1 4 

Uracil -t- nbosef 

1 

0 35 uracil, 
i 0 46 d-ribose 

0 

1 

Cytosine -f nbose 

' lOcjtosine, 

1 10 d nbose 

0 

12 

Thymine 

1 10 

0 

1 2, 0 9, 1 4 

Orotic acid 

, 7 

4 1 

3 3 

Cytidme sulfate 

0 9 

4 2, 4 2 

3 6 , 3 3 

Undine 

0 75 

4 2, 4 3 


Cytidylic acid 

1 0 

4 1, 4 0, 4 0 

‘ 3 3 , 3 1 

Diammonium undylate 

1 2 

4 1, 4 0 

j 3 0 , 3 0 

Yeast ribonucleic acid 

2 5 

0 

1 3 2 , 2 9 

Blank 

1 1 

0 

0 25 


* Each value represents the maximum rate found in a different experiment 
t Obtained from the \ D Mackaj Company 


400 7 Undyhc acid allows maximum growth at shghtlj less than 1 mg 
per 10 ml , whereas w ith cytidj he acid 1 mg is required In the case of 
uracil the pomts shown represent the maximum rates reached at the 
different concentrations m experiments of 3 or 4 days duration, under these 
conditions owmg to the adaptation phenomenon mentioned abo\e the 
maximum rate is obtamed w ith about 5 mg per 10 ml 
The results plotted m Fig 2 also show' a sigmficant difterence m the 
maximum grow th rates foi the nucleosides as compared to the nucleotides 
Here as well undme is superior to cj tidme, whereas und\ he and c\ tidx he 
acids give the same x alue 









66 


GROWTH FACTORS FOR NEUROSPORA 


The inabilitj of mutant Stram 1298 to utilize cytosme for groiv-th as 
compared to its abihty to use cytidme or cvtidylic acid and the relatively 
low activity of uracil suggested that the available d-nbose concentration 
might be a limitmg factor m the utilization of the free pynmidmes E\- 
penments were, therefore, carried out in which d-nbose as well as cj tosme 
and uracil vere used as supplements The addition of d-nbose in amounts 
up to 10 mg per 10 ml of medium failed to affect the gron th-promoting 
properties of either uracil or cytosme 
The vanous other compounds tested, in the case of Stram 1298, included 
isoeytosme, barbitunc acid, thiamine hydrochlonde, adenine sulfate, 
guamne, and \anthme In addition to these, methylcyanacetylurea, iso- 
menc 2,6-ammochloropynmidmes, and 2-methoxy'6-ammopynmidine 



Fig 2 Rates of groath of the mutant Strain 129S as a function of concentration 
A, undine, A, cjtidine, 9 , uridylic acid, O, cjtidjlic acid, ■, uracil 

were tested on mutant Stiam H263 Tlie concentiation used m each case 
was 10 mg pel 10 ml of medium Tilth Stiain 1298, as m the blank, no 
growth was obtained TVith Stram H263 rates of growth comparable to 
that of the blank occurred 

Genetic Analysis — In oider to determine whether or not single genea 
were responsible for the inability of these mutants to sjuithesize the pyrimi- 
dme nucleosides and nucleotides, the\ weie ciossed with the normal wild 
tjpe Tlie eight ascospores fiom each of twenty asci of the Stram 1298 
cross and from each of nine of the Strain H263 cioss w'ere isolated m order, 
germinated on medium supplemented w ith c\ tidyhc acid, and their iden 
tit's determined bj transferrmg to unsupplemented basal medium Of 
each set of eight ascospores examined, foui failed to grow in the absence 
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of the pynnudine supplement, while the other four grew like the normal 
wild type These results indicate that both mutants differed from the nor- 
mal m sjmthetic abihty bj'- one gene ® 

Heterocaryon Formahon — The different grow'th response of the two mu- 
tants to the vanous supplements mentioned above mdicated a difference 
m their genetic constitution In other such cases m w hich tw o Neurospora 
mutants are unable to synthesize an essential constituent, it has been 
shown that the formation of a heterocaryon between the tw o {le hi-phae 
m w'hich twm or more genetic tjpes are present) produces a new strain, 
which now' is able to grow on the basal medium alone (2) In such in- 
stances, it appears that the reaction by w'hich the missmg constituent is 
synthesized is blocked at diffeient steps m the two strams A combina- 
tion of the two as a heterocarjon allows the complete synthesis to be 
effected, and the new strain beha\es like the wild type m its abihty to 
glow yyithout added supplement 

When small portions of my celium from Strains 1298 and H263 of the 
same mating type yyeie placed together on the basal medium, it was found 
that groyvth comparable to that of the w ild tvpe took place ■* 

DISCUSSION 

Although free pynmidmes haa e been reported previously as grow th fac- 
tors for several diffeient microorganisms (14-16), it does not appear that 
the availability of the coi responding naturallj occurrmg nucleosides and 
nucleotides has been studied From the results presented aboy e it seems 
possible that the lattei yy ill pi ove more active m those cases, as they have 
foi the pymmdme-deficient N^eurospora mutants It is reasonable to as- 
sume that such microorganisms are unable to synthesize sufficient nucleic 
acid for normal cell development and groyvth ow'mg to their inability to 
sj nthesize the pynmidine components 

The relatively loyv availability of the fiee pyriimdmes foi the growth of 
these Neurospora mutants compaied to the nucleosides and nucleotides is 
m agreement yyith the pooi utilization of fiee pynmidmes which has been 
reported m higher animals (17) As nucleic acid and the pyrimidine 
nucleosides are readily metabolized under the latter conditions (17 IS), the 

‘These experiments on Strains 129S and H263 y\cre performed by G M Beadle 
and F P Hungate respectively 

‘ The grow th requirements of a third mutant, Strain 45203, supplied to us b\ Pro- 
fessor Beadle were also investigated It was found to grow on hjdrolyzcd yeast 
nueleic acid, on uracil, cjtidine sulfate, cjtidjlic acid, and uridylic acid at rates 
similar to those obtained for Strain 129S Vs the new mutant foiled to grow on 
cj tosine and thymine and did not form a heterocarj on w ith Strain 129S, it appeared 
identical with the latter and therefore provides an example of a reoccurrence of the 
same gene mutation 
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results of both t 3 'pes of expeninents show a greater importance for the 
nucleosides and nucleotides m the metabolism of nucleic acid This is 
particularlj" sinking m the case of mutant Strain 1298, w^hich although 
completely imable to utihze cj'tosme, nevertheless grows well on cytidine 
or cy tidy he acid Here, although this mutant is unable to deaminate 
cy tosme to uracil, it is endently able to com ert cytidme to undme or 
uice lersa In this instance and probably with other strams of Neurospora 
as well, It appears unhkely that free cytosine functions as an intermediate 
m the synthesis of eyTidme and cy'tidydic acid 

Tlie use of choime-deficient, pyndoxme-deficient, and p ammobenzoic 
acid-deficient mutants in methods of assav' for chohne, pywidovme, and 
p-aminobenzoic acid, respectivelv, has been reported (3, 19, 20) In a 
similar manner it is possible to use the mutants desenbed m the present 
paper to determine total pymmdme nucleoside and nucleotide concentra- 
tion in terms of any one of the more activ e compounds The determination 
of (he individual nucleosides or nucleotides, however, must await the 
development of a satisfactory fractionation procedure 

smniAm 

The growth lequirements of two evpenmentally produced mutant strains 
ol Neurospora, Nos 1298 and H263, which are unable to grow on a basal 
medium containing simple salts, sugar, and biotm have been studied It 
has been shown that when the pynmiduie compounds which occur m 
V east ribonucleic acid are used as supplements, noimal mycelial grow th and 
production of conidia result The nucleosides, undine and cj'tidme. and 
the nucleotides, undylic aud and cj'tidy he acid, aie from 10 to 60 times as 
active as the free pynnudmes, uracil or oiotic acid Cytosme and thymine 
are completely mactive for one mutant, Strain 1298, but provude for some 
grow th for the other, Strain H263 

The difference in the availabihty of the free pynmidmes for the growth 
of the two mutants, the production of a heterocaryon when they are 
allowed to fuse, and the types of segregations obtained after crosses wuth 
the normal wild type are consistent with the theoiy that pyrmndme syn- 
thesis m these microorganisms mvolves sev^eral reactions, each of which is 
controlled by a smgle gene 

The authors would like to thank Professoi Beadle and Professor Tatum 
for their helpful collaboration m this work 
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This method is based on the fact that glutamic acid can be coni erted to 
pyrrolidonecarboxylic acid undei conditions i\hich do not affect other 
ammo acids, except cj'stine and cisteme The corresponding decrease in 
ammo nitrogen, corrected for cj stme, can be used to estimate the amount 
of glutamic acid m protein hydrolysates By the use of the Van Slvke 
manometric apparatus, the method is applicable to the determmation of 
glutamic acid m 25 to 100 mg samples of protem mth an estimated ac- 
curacy of 5 per cent 

Several attempts to use the glutamic acid-p 3 nohdoneearbo\ 3 hc acid 
reaction for a quantitative estimation of glutamic acid and glutamme hav e 
been recorded Vickery (1) suggested boilmg protem hydrol 3 sates at pH 3 
for a sufficient length of time to convert glutamic acid to pirrohdoiie- 
carboxylic acid, extracting the latter with ethyl acetate, refoimmg glutamic 
acid from it by acid h 3 drolysis, and isolatmg the glutamic acid hidro- 
chlonde Wilson and Cannan (2) descnbed the behanor of the glutamic 
acid-pyrrohdonecarboxyhc acid system m detail and recommended that 
solutions be adjusted to pH 4 and heated for 50 hours at 100° or G hours at 
120° m order to obtain optimal rate and extent of transformation of glu- 
tamic acid to pyrrohdonecarboxyhc acid In attempting to use this method 
for the determmation of glutamic acid they found that protem h 3 droh sates, 
vhen boiled for several da 3 ^s at 100°, lost far more ammo nitrogen than 
could be accounted for b 3 the amount of glutamic acid present, a fact 
vhicli they attnbuted to anh 3 'dride formation Pucher and Vicken (3) 
determmed glutamine b3 convertmg it to p3Trolidonecarbo\\ he acid mth 
heat m neutral solution, extracting the latter mtli ethi 1 acetate at pH 2 4, 
and determmmg the ammo nitiogen m the extract before and after hv- 
drol 3 'sis with hydrochlonc acid The mcrease was a direct measure of the 
glutamme origmally present This method did not 3 ield satisfactor 3 
results for Neuberger and Sanger (4) nho, instead, determined glutamine 
b 3 measuring the carbon dioxide developed bv nmhidnn treatment both 
before and after heatmg for 2 to 3 hours at pH 6 8 
Isolation procedures haie been used m the determmation of nio^t of 
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the lecordecl \alues foi the glutamic acid content of protems Chibnall 
and his coiiorkeis (5) ha^e lefined the Foreman piocedure (6) to a claimed 
accuracy of 1 oi 2 per cent but the method is lengthj and laborious Glu- 
tamic acid has also been determined bj the isotope dilution teclinique (7) 
and by an enzymatic method (8) m iihich glutamic acid is converted to suc- 
cmic acid by ovidation and the latter is determined m the Warburg appara- 
tus A microbiological method has recentlj been suggested (9) The 
piesent procedure appeals to have the advantages of rapidity and con- 
v'enience ov er those previously described 


EXPERIMENTAL 


Effect of pH and Time of Autoclaving on Ammo Nitrogen Loss of Glutamic 
Acid — The following expeiiments at 125° gave lesults similar to those ob- 
sen ed by Wilson and Caiman (2) at 100° and 120° A series of glutamic 
acid solutions v\as made up at final reactions rangmg from pH 2 to 6 by 
the addition of acid or alkali The 0 5 per cent glutamic acid solution had 
a pH of 3 3 (All pH detemunations viere made by the use of the glass 
electrode) Residual ammo mtrogen was detei mined by the '\’'an Slyke 
manoraetric method after 1, 2, 3, and 4 hours of autoclavmg at 125° The 
results indicated that wnthm the pH range ot 2 5 to 4, 92 to 96 per cent of 
the glutamic acid w as changed to pjTrohdonecarboxyhc acid after 4 hours 
The reaction pH 3 3 was chosen as the preferred hydrogen ion concentration 
as a compromise between lapidity (pH 3 0) and completeness (pH 4 0) of 
conversion (2) A larger senes was nin with glutamic acid (pH 3 3) for 
penods of time up to 15 hours As shown m Table I, equihbrium was 
approached in 4 hours In desigmng a method, it did not appear to us to 
be necessarj’’ to reach an exact equilibnum, whenev’er the rate of change of 
glutamic acid to pjTrohdonecarboxyhc acid had become so slow that the 
peicentage of residual ammo nitrogen was i eproducible, the analysis could 
be made reasonably quantitative In piactice, a penod of 4 hours in the 
autoclave was adopted 

When glutaimc acid solutions were autoclaved, a dechne m pH of ap- 
proximately 1 unit occurred Howwer, m the assays of protems, the pH 
remained within 0 5 unit of the adjusted value, the unaffected ammo acids 
acting as buffers It is appreciated that the conditions of pH, time, and 
temperature of autoclavmg are not necessaiilv optimal for this reaction, 


thev hav'e, however, been convenient in our hands 

Effect of Autoclaving on Individual Ammo Acids — The ammo acids used 
vveie commercial preparations except for glutamic acid, aspartic acid, and 
cv '^tine, each of which had been recrs'stalhzed five times Solutions of the 
ammo acids or their hydrochlondes were made up to contain 5 mg per ni 
"W hen necessarv', acid was added to facilitate solution 5 ml aliquots w ere 
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titrated ■with 0 1 N acid or alkali to determine the amount necessary to bring 
the pH to 3 3 A second aliquot was pipetted mto a 25 ml volumetric 
flask, and the acid oi alkah added as found necessary The mivture was 
then diluted to about 15 ml , autoclaved for 4 hours at 125-126°, cooled, 
and diluted to volume No detectable loss (less than 1 per cent) of ammo 
mtrogen occurred wuth tr 3 q)tophane, l 3 'sme, histidme, argmme, tyrosme, 
methiomne, senne, threomne, gijmme, alanme, and aspartic acid No 
ammo nitrogen dev eloped m solutions of prohne or hydroxyprohne Cys- 
tme lost approximately 50 per cent and C 3 'steme 20 per cent of their ongmal 
“ammo mtrogen ” These anomahes wall be discussed m greater detail 
beloTT 

Six separate determmations (each m dupheate) of glutamic acid show ed 
the followung percentage losses 91 8, 91 0, 92 4, 92 4, 91 5, 92 3, average 91 9 
In the calculations which follow it has been assumed that the decrease of 


Tabue I 

Zoss of Amino Nitrogen in Glutamic Acid Solutions Autoclaved at 1S5° 


Tune 

Residual amiso nitioges 

Amino mtrogen loss 

hrs 

fng per mi 

per cent 

0 

0 193 


1 

0 087 

55 

2 

0 037 

80 

3 

0 023 

88 

4 

0 016 

92 

7 

0 013 

93 

15 

0 013 

93 


ammo mtrogen due to glutamic acid represents 92 per cent of that onginall 3 ' 
present * 

Recovery of Glutamic Acid fiom Mixtures of Ammo Acids {Exclusive of 
Cystine and Cysteine ) — The experiments outlined m Table II mdicated that 
the cychzation of glutamic acid w as not appi eciabl 3 ’’ affected by the presence 
of mixtures of ammo acids (exclusive of cv^sfme and cysteme) similar to 
those obtamed b 3 ^ piotem h 3 ’'drol 3 'sis The slight decrease m the ammo 
mtrogen content of the ammo acid nurtures wnthout glutamic acid is 
possibly ascnbable to tiaces of glutamic acid, C 3 'stme, or other extraneous 
compounds m the preparations One run with h 3 drol 3 zed gramicidm, 
known to contain no glutamic acid or C3stine (10), mdicated that mixtures 

’ The factor to be used for calculation with protein hjdrolj sates can best be esti 
mated for any given run by determining the loss of ammo nitrogen in a solution of 
glutamic acid containing an equivalent amount of salt and autoclaved simulta 
neouslj 
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of ammo acids, at least as they occur in this substance, do not I se appreci- 
able amounts of ammo nitrogen during autoclaving (ammo N, before auto- 
claA mg, 0 103 mg pei ml , after, 0 102 mg per ml ) 

Magnitude of Cystine Correction — ^Two samples of cystine, one carefully 
punfied ([a]^ ' = —213° in I 0 N HCl), the other a commercial product, 
gave similar results As shown in Table III, approximately 130 per cent 
of the calculated ammo nitrogen was determinable by the manometric Van 
Slyke procedure Kendnck and Hanke (11) reported about 140 per cent 
After 4 hours at 125° and at pH 3 3, the ammo nitrogen loss was equiialent 
to 50 per cent of the obsen ed value, or 65 per cent of the theoretical value 
The lo-js m ammo nitiogen due to cystme in mixtuies of ammo acids and 
protein hj drolysates \ aned from 47 to 70 per cent of theory (Table III) 
From these data m e ha\ e chosen arbitranlv to use the value of 65 per cent 
as an approximation m glutamic acid analyses 
The folloM mg assumptions have been made m calculation of the correc- 
tion due to the behanor of c\ stme that there is a loss of approximately 10 
per cent of the original cvstme of a piotein after 48 hours of hydrolysis ivith 
20 per cent hj drochlonc acid, as demonstrated with msulm by Miller and 
du Vigneaiid (12), and that the residual cvstme is present as such whether 
arising from cystme or cysteine originally These assumptions have been 
shoun to be correct foi ghadm when determined by a modification of 
Vassel’s method (13) 


Method of hydrolysis 

Cysteine 

Cysteine + cystme 


per cent 

per cent 

HCOOH HCl, 24 hrs 

0 23 

2 13 

20% HCl, 24 hrs 

Trace 

2 16 

20% “ 48 “ 


1 97 


Most proteins contain approximately 10 times as much glutamic acid as 
cvstme, hence errors m the assumptions mentioned abo\e would be withm 
the expected error of the method For keratins and msulm, the same 
protein hj'drolysate probabh should be used for separate glutamic acid 
and cystme analyses, m order to make the cj stme correction more accurate 
In calculating the glutamic acid content of proteins (48 hours hydroljsis), 
i\e have found it convenient to subtract 0 78 mg for each 1 mg of cjstine 
plus cj Sterne known to be present ” 

The natuie of the reactions uhich occui in the cystine solutions at pH 
3 3 and 125° has not been studied m detail One solution contained, after 

» Each ing of cystine would account for a loss of 0 9 X 14/120 X 0 65 = 0 
of amino nitrogen, w hich w ould in turn be calculated as 0 08S X 147/14 X 100/9 or 
0 78 mg of glutamic acid 
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Table II 

Recover!/ of Glutamic icidfrom Mixtures of Ammo Acids {Excluding Cystine 

and Cysteine) 


Ammo tcid 
mix No 

Glutamic acid 
added 

Ammo nitrogen* * * § 

Glutamic acid found 

Original 

Autoclaved 

NHi-N 

Difference 

Recovery 


\ Ht-A 
ftrml 

mi ptr ml 

mi per ml 

mi per ml 

mi per ml 

fer cent 

It 

0 

0 171 


■n 



1 

0 095 




0 0965 

102 

2t 

0 



0 002 



2 1 

0 0335 j 


0 104 j 

0 035 

0 033 

98 


* Each figxire ib the average of four determinations checking within 3 per cent 
t Mn 1 contained (in 100 ml ) tr 3 ’ptophane 15 mg , tyrosine 40 mg , phenylalanine 
20 mg , arginine h} drochlonde SO mg , histidine hydrochloride 20 mg , alanine 50 
mg , valine 50 mg , aspartic acid 20 mg , proline ISO mg , hydrovyprohne 30 mg , 
leucine 60 mg , methionine 20 mg , Ijsine dihj drochlonde 20 mg , and threomne 100 
mg 

t Mi\ 2 contained (in 50 ml ) serine 40 mg , threomne 35 mg , leucine ISO mg , 
isoleucine ISO mg , tjrosine 125 mg , histidine hydrocMonde 125 mg , arginine hy- 
drochloride 35 mg , and lysine 15 mg 


Table III 

Loss of Amino 2\hlrogen from Cystine Solutions iutoclaved 4 Hours at ISP 



Cystine 
present theo- 
retical 

Ammo nitrogen* 

Loss due to 
c>stme 
as per cent o! 
theoretical 


Original j 

1 Autoclaved 

Cjstine, recrjstallized J 

ml 

per ml 

0 117 

me 

per ml 

0 153 


65 

" commercial 

0 117 

0 1545 


68 

“ + ghcine -f gluta 



j 


mic ticidf 

0 112 

0 364 

0 184 

69 

Cystine -f caseinj 

0 0303 

0 1925 

0 144 

70 

“ -h amino acid Mi\ 2§ 

0 0243 j 

0 1325 

0 1186 

51 

“ -t- glutamic acid 





ammo acid Mi\ 2|| 

0 0243 

0 1675 

0 1235 

47 


* Average of three to five determinations checking within 3 per cent 

t Equimolecular quantities, calculated loss for glutamic acid, 92 per cent of 
0 112 r= 0 103 mg of ammo nitrogen per ml 

1 10 mg of cj Stine -f 90 mg of casein, hjdroljzed 48 hours with 20 per cent HCl 
Loss of amino nitrogen from casein hjdrolvsate, calculated from data in Table IV 
Assumed 10 per cent loss of cjstine during hjdroljsis 

§ See foot note to Table II Correction was applied for the loss of the amino 
nitrogen of the amino acid mivture without cjstine 

II Calculated loss for glutamic acid, 92 per cent of 0 0335 = 0 031 mg of ammo 
nitrogen per ml 
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being autoclaved, onlj 30 per cent of its nitrogen in the form of cystme, 
60 per cent was present as ammonia The C3'stine changes vere not in 
equilibrium after 4 hours A sample of cystine u hich had been autocla\ ed 
for 16 hours contamed only 43 per cent of the theoretical ammo nitrogen 
compared uuth the 65 per cent remaining after 4 hours 

A sample of cjsteine h3 drochlonde uas investigated The standard 
procedure for ammo nitrogen gav e 130 per cent of the theoretical value, 
similar to the result for cv stine, but only 20 per cent disappeared during 
autoclav mg 

Possible Interfering Substances (Other Than Ammo Acids ) — ^A number of 
protems contam small amounts of non-ammo acid constituents, the possible 
mterference of which should be emphasized 4mong these are glucose, 
glucosamine, and the products of hydrolysis from nucleic acids, heme, etc 
Only the first two of these have been studied briefly Glucose was added 
in amounts equivalent to 3 per cent of the protein to a wheat gluten h3- 
drolysate without affecting the loss of ammo nitrogen upon autoclav mg 
On the other hand, a solution of commercial glucosamine lost 20 per cent of 
its ammo nitrogen Hence, small amounts of caiboh3 drates probablv vnll 
not affect glutamic acid determinations 63 this method, but when glucos- 
amine is piesent, additional coirections will have to be made 

Procedure — The glutamic acid anabses shown in Tables IV to VI were 
obtained bv the following method 100 mg samples® (in duplicate) were 
weighed into small flanged test-tubes, 2 ml of 6 n HCl were added, and the 
tubes were heated on the steam bath until solution occurred The3 were 
then equipped w ith cold finger condensers and immersed to the depth of 

1 to H inches in a stored oil bath kept at 120-125° for 48 hours After 
cooling, the contents of the test-tube were transferred to a 10 ml vmlumetnc 
flask with thorough washing and adjusted to the mark The solution was 
then filtered through di v filter papei (Whatman Xo 4, 7 cm ) to remove 
the humm, 2 ml of the filtrate were diluted to 10 ml for the control, and 
a second 2 ml sample was titrated to pH 3 3 with 1 n XaOH, bromophenol 
blue and a glass electrode being used for the final adjustment, slightlj 0”er 

2 ml of alkali were required * A third 2 ml aliouot was adjusted to pH 

3 3 with the necessarj amount of alkali, as determmed abov e, in a 10 ml^ 
volumetric flask, water was added to make a total volume of 7 to 8 ml , 

’ Bj using 5 ml instead of 10 ml \olumetno flasks, 25 mg samples would give 
sufficient material for duplicate ammo nitrogen determinations on the control on 

autoclaved hvdrolj sates /TTS3) 

‘ Attempts were made to avoid this titration b> adding a citrate buffer (p ^ 
alter approximate neutralization of the acid, however, abnormal losses 0 amin 
nitrogen due to the presence of citrate occurred dunng autoclaving 

‘ The final volume is not important Samples of a wheat gluten hydroljsate 
oiluted 1 5, 1 10, and 1 20 and autoclav ed The loss of ammo nitrogen w as inden 
in eacb case 
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and the flask was placed m a steam autocla\e for 4 hours at 125-126° 
f 19 to 20 pounds per sq m ) measured from the time at n hich this tempera- 
ture Mas attained After being eooled the solution Mas diluted to 10 ml 
2 ml aliquots of the contiol and autoclaved samples Mere analyzed for 
amino nitrogen by the standard \’’an Slyke manometnc technique Math 
a 3 mmute reaction period Control and autoclaved samples m ere analyzed 
successively m order to minimize a ariations in the blank Calibrated pi- 
pettes were used Temperature nas recorded to the nearest 0 2° 

The per cent glutamic acid content nhen 100 mg samples of protein 
Mere used Mas calculated b\ the formula 

„ , 57, 070(iV, - AT,) - 0 780(100 - ilf) 

% glutamic acid (drv basis) = y— — ; 

(100 — 111 ) 

m Mhich iVi equals the oiigmal ammo nitrogen m mg per ml , A'': is the 
ammo nitrogen of the autoclai ed sample, C is the cystine content of the 
protem m per cent, and JI is the moisture content of the piotem sample 
in per cent ® 

Alost of the pro terns Mere hidiol 3 zed 48 hours instead of the usual 20 
to 24 hours With casern 24 and 48 hour hydrol 3 'sates Mere compared 
(Table IV) No detectable differences Mere noted, in contrast to the ob- 
senations of Osborne and Guest (14) The assumption that the humm 
contamed msignificant amounts of glutamic acid appeared justified fiom 
the experiments of Roxas (15) 

The pH of the protein h 3 droh sates after being autoclaved varied from 
2 5 to 4, with most values falhng mthm the range of 2 9 to 3 6 No detect- 
able differences in the analj-tical values could be traced to vanations Muthin 
this range of the final pH 

Vanabibty of Results with Protein Hydrolysates — number of determma- 
tions Mere run upon h 3 "drol 3 "sates of a commercial casern sample The 
results (Table RO illustrate the variations Mhich occurred in our hands and 
call attention to an important weakness of the method, namely, that the 
desired data are differences betneen analytical results each of nhich mav 
vary Muthm the limits of ex-pected error for the determmation of ammo 
nitrogen Differences betM een duphcate pairs of anal 3 '’ses varied as much 
as differences betM een separate hydrolyses It therefore does not seem as 
important to hydrolj’-ze a number of separate samples in order to approach 
maximum accuracy as it does to obtain multiple analj ses of tM o or three 
hi drolysates 

Recovery Experiments with Protein Hydrolysates — The results of experi- 

“ The constant 57,070 is equal to 50 X 147/14 X 100/92 X 100, in w hich 50 represents 
the dilution factor, 147/14 the conieraion from ammo mtrogen to glutamic acid, 
100/92 the correction for the incomplete conversion to pi rrolidonecarboxylic acid, 
and 100 the conversion to percentage 
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ments in Mhich glutamic acid Mas added to gehtm and casern are shoun m 
Table V The lecovenes are close enough to 100 per cent to indicate that 
the method can be used to obtain approximate results for proteins of un- 
knoMTi glutamic acid content 

Glutamic Acid Determination m a Senes of Proteins — The data in Table 
VI Mere obtamed by the method descnbed aboxe Most of the glutamic 
acid analyses agree Muthin the range of expected accuracy Muth those of 

Table IV 


Reproducibility of Amino Nitrogen Determinations in Duplicate and on Duplicate 
Hydrolysates of Casein before and after Autoclaving 4 Hours at 1SB° 


HydroI> sate No* and tune 
of hydrolysis 

Ammo N (single determinations) 

Glutamic 

acidf 

Averaget 

Original 

Autoclaved 

1 Difference 


hrs 

nt Per ml 

mg per ml 

mg per ml 

Per cent 

per cent 

1 

48 

0 1805 

0 1445 


22 8 




0 182 

0 146 

LUJ 

22 8 


2 

48 

0 182 

0 147 


22 1 




0 181 

0 148 


20 7 


3 

48 

0 1835 

0 147 


23 0 




0 180 

0 145 

LSJ 

22 1 


4 

48 

0 182 

0 148 

L£i 

21 4 




0 184 

0 151 

!S 

23 3 


5 

48 

0 181 

0 144 


23 3 




0 1805 

0 147 

LSJ 

21 1 

22 3 ± 0 3 

6 

48 

0 188 

0 145 


27 1 


7 

48 

0 184 

0 146 

LSJ 

24 0 


8 

48 

0 179 

0 145 


22 1 


9 

48 

0 187 

0 149 

Lm 

24 7 


10 

48 

0 1825 

0 148 


21 7 

23 9 ±0 9 

11 

24 

0 182 

0 1485 

!S! 

21 1 




0 1855 

0 146 


24 7 


12 

24 

0 1835 

0 151 


20 5 




0 187 

0 152 

il 

22 1 

22 1 ±0 9 


* Hydrolj sates 1 to 5 Mere hydrolyzed simultaneouslj , Hydrolysates 6 to 10 were 
h%drolyzed over separate periods 
t Corrected for cystine content 
J Standard error = -s/sdVntn — 1) 

othei imestigators Because of theunceitamties uhich ha\e ali-eadj been 
mentioned, it is possible that the final figuie mat be m error bj as much as 
10 per cent The tioie glutamic acid contents can probably be considered 
as, if anything, less than the lecoided data, inasmuch as most errors Mould 
tend to increase the apparent glutamic acid content Included in these 
errors m ould be the possible slight lo«s of ammo nitrogen from mixtures of 
ammo acids other than glutamic acid, and the possible presence of piotcin 
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constituents other than ammo acids which would either themselves lose 
ammo nitrogen or react with ammo acids duiing the autoclaving, with a 
resultant net loss of ammo nitrogen 

Chibnall and eow’orkers (5) ha\e lepoited analyses for the glutamic acid 
contents of egg albumm, d-lactoglobuhn, and edestm w Inch they considered 
w ithin 1 or 2 per cent of the true values In the present analyses, the 
glutamic acid content of /9-lactoglobulm agreed, but that of egg albumin 
was somewhat higher than was found by these workers, although still 
wathm the limit of error of the method Our sample of edestm appeared 
to contain less glutamic acid than did Chibnall’s 


Table V 

Recovery of Aided Glutamtc Actd from Protein Hydrolysates* 


Amount of protein used | 

Glutamic j 
acid added 1 

i Total ammo Nt 

1 GluUmic actd 

[ 

1 

Original 

1 

Auto I 
clavcd j 

FoundJ ; 

Present i 
in 

protem 1 

Differ 

ence 

Reco\ 

cry 

mt 

mg 

mg 

mg 

mg j 

mg \ 

mg 1 

percent 

100 Gelatin i 

0 1 

10 52 

9 53 j 

10 3 




90 “ I 

10 i 

10 45 

8 76 1 

19 3 

9 3 

10 0 

\ 100 

70 “ i 

30 

10 21 


36 6 

! 7 2 

29 4 

f 98 

50 “ 

50 

10 or 

5 47 1 

52 4 

t 5 1 

47 3 

! 95 

30 “ 

70 

9 62 

3 45 j 

70 4 

3 1 

67 3 

96 

100 Casein 

0 

9 10 

7 35 

19 7 




50 “ 

50 

9 20 


58 2 

i 9 8 

1 

48 4 
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• The glutamic acid was added prior to hidrolysis 
t Average of duplicate hjdrolj sates 

t Corrected for cystine on the assumption that the gelatin contained 0 17 per 
cent, the casein 0 42 per cent (16) These values are so Iok that variations would 
fall mthin the limits of error of the ammo nitrogen determinations 

The isotope dilution method described by Rittenberg and Foster (7) 
has the possibility of being vert accuiate for determining the ammo acid 
contents of pioteins These authors reported 13 0 per cent glutamic acid 
in fibrin preparation Through the kindness of Di Rittenberg, a sample 
of this same preparation was made available to us With eoriection of the 
moisture content to that in the sample as used b^ them, the present method 
gave 15 2 per cent glutamic acid This is shghth ovei the mavimal eiror 
expected The ongm of the di'Ciepancv is not appaient at present 
The glutamic acid value for tobacco mosaic virus (17 0 per cent) is con- 
siderably above that isolated bv Ro^s (5 3 pei cent) but of the order of 
magnitude suggested bv his data foi amide nitiogen (18) The remote 
possibility that the products of hjdiohsis of the nucleic acid component 
might mterfere has not been inv estigated 















Table VI 


Prolem 


Egg albumins 
Egg albumin 
fi Laotoglobuhn§ 
Edestin 
Insulin 

Tobacco mosaic virus 

Fibrin 

Ghadin 

Zein 

Glutenm 

Cottonseed globulin 

Soy bean glycimn 

Arachin 

Peanut globulin 

Casein 

Gelatin 

Wool keratin 

Feather keratin 

Gramicidin 

Tjrocidine hydrochio 
nde 


Vitrogen 
content 
CKjcldahl 
[ after dr> 
JHg 18 brs 
at 105 ) 

Total 

cystmc 

content 

No of 
fjydro- 
Ivsest 

unt 

per cent 



1 8 

2 

15 0 

1 8 

0 


3 4 

2 

18 4 

1 4 

3 

IS 55 

12 5 

7 

15 7 

0 7 

2 

16 0 

1 5 

3 

17 1 

2 8 

2 

15 5 

0 9 

4 

15 7 

1 7 

2 

14 8 

0 7 

2 

16 0 

0 8 

2 

17 5 

1 3 

2 

17 0 

1 3 

2 

14 0 

0 4 

10 

18 2 

0 2 

3 

16 4 

11 8 

2 

16 1 

7 6 

2 


0 

1 

13 8 

0 

2 I 


Gutamic aad content 


Found I Previous detennuiationl 


Ptr cent 

16 1 (5), 13 3 (17) 

!1 5 (5) 

» 7 (5) 

10 (20), 21 (21) 

5 3 (18) 

3 7(5) 

6 9 (6). 46 3 (22), 43 (17) 
1 3 (231 

5 7 (24) 

7 2 (24) 

3 5 (17) 

) 5 (17) 

! 0 (5), 21 8 (8) 

> 80 (25) 

> 3 (26) 

I 7 (26) 

' (10) 


12 511 


Jones r furmshed samples of proteins D Breese 

Tones null TVT r albumin, arachin, and soy bean glycinm used by 

for edestfn W M D M Greenberg 

frifiio-nri nVisi n tobacco mosaic virus prepared by differential cen 

!nri o f t ^ ° for fibnn. E F Jansen for gramicidin, tyrocidme, 

1 no ouiono c^s alline5 lactoglobulm, H P Lundgren for a solution of crystal 
line egg albuimn, Eli Lilly and Company for crystalline zinc insulin, and the South 
ern Kegional Research Laboratory for cottonseed and peanut globulins 

T ine cystine plus cysteine contents of the samples of gliadin, glutemn, chicken 
leather and wool keratins, and peanut and cottonseed globulins were determined by 
a mo 1 cation of the Vassel method (13) The other values were taken from the 
literature, helpfully summarized in most instances by Cohn and Edsall (16) 
j ^ closely checking pairs of analyses were run on each hydrolj sate 

§ Measured^ volumes of these solutions were pipetted into test tubes and dned in 
an oven at 95 From nitrogen analyses, the amount of protein was determined by 
using IS 76 and 15 58 as the known nitrogen contents of egg albumin and lacto 
globulin, respectively (5) Inasmuch as in these determinations ive did not use the 
8 to 16 hour digestion period recently recommended by Chibnall, Rees, and Williams 
(19), as necessary to obtain maximal results for proteins, the glutamic acid contents 
may be too high by as much as 3 per cent 

11 According to Hotchkiss (10), the molecular weight of tyrocidme hydrochloride 
IS probably some multiple of 1267 If each fragment of this size contained one glu 
tamic acid residue, 11 6 per cent would be present 

SO 
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The glutamic acid content of msulm (19 6 pei cent) was so low compared 
to the 30 per cent content recent^’- ascnbed to it (20, 27) that additional 
miestigation appeared necessary Reasonable checks were obtamed m 
duplicate analyses of sei en separate hydrolysates In order to determme 
whether the high cystme content might have mterfered, the loss of ammo 
nitrogen from a rm\ture of ammo acids similar in composition to that of 
insulin nas determined (see Tables II and III, ammo acid Mix 2) with and 
nathout the correct proportions of added glutamic acid and cystme In 
this case cystme appeared to lose approximately 60 per cent of the theoret- 
ical ammo nitrogen content, mstead of the 65 per cent used m other cal- 
culations If the former value is assumed correet for the msulm hydroly- 
sate, the glutamic acid content would become 21 mstead of 19 per cent 
Hence it appears likely that msulm contams close to the 21 per cent glu- 
tamic acid recorded by Jensen and Wmterstemei (21) Harmgton and 
Mead’s (20) estimate (30 per cent) was based on a determmation of amide 
and free carboxyl groups, recalculation of their data gives 27 per cent, 
but this obviously is only an mdirect approach 

The 36 per cent glutamic acid content reported for glutemn is consid- 
erably higher than that found by Jones and Moeller (17) However, our 
preparation was made by diflierent methods which will be reported else- 
where Only small amounts of gramicidm and tyrocidme were available 
The tyrocidme hydrochloride contamed 13 8 per cent mtrogen and 4 1 per 
cent chlorme compared to the 14 3 per cent mtrogen and 2 8 per cent 
chlorme reported by Hotchkiss (10), hence the determmation can have only 
limited significance 

The sample of casern used had an abnormally low mtrogen content, a 
recalculation on the basis of 15 7 per cent nitiogen gave approximately 25 
mstead of 22 per cent glutamic acid The results for gelatm and zem 
differed considerably from those reported by Dakm (25, 23) 

SUMMAKT 

A method for the quantitative determmation of glutamic acid m protems 
IS based upon a measurement of the loss m ammo nitrogen occasioned by 
the transformation of glutamic acid to pyrrohdonecarboxyhc acid at 125° 
and pH 3 3 The glutamic acid is appioxunately 92 per cent converted in 
4 hours Of a number of anuno acids investigated, only cystme mterferes 
The magnitude of the correction necessaiy for cystine was determined 
^0 evidence for anh 5 'dride foimation m protein hydrolysates durmg auto- 
clavmg was obtamed The method is applicable to the determination of 
glutamic acid m samples rangmg from 25 to 100 mg of protem when the 
I an Slyke manometnc apparatus is used Tlie glutamic acid content of 
a numbei of protems was deterimned, most results agieed with previous 
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reports Insulin contained approximately 20 per cent of glutamic acid, 
gelatm 12 per cent, glutenm 36 per cent, chicken feathers 12 per cent, 
cottonseed globulin 20 per cent, and tobacco mosaic 111115 17 per cent 

Grateful acknowledgment IS due to C D Anselm for the ammo nitrogen 
determinations, to D K Mecham for the cjstine analyses, and to H 
Praenkel-Conrat and M J Bhsb for helpful suggestions 
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STUDIES ON EATES OF EXCHANGE OF SUBSTANCES BETWEEN 
THE BLOOD AND EXTRAVASCULAR FLUID 

11 THE EXCHANGE OF SODIUM IN THE GUINEA PIG 

Bt MARGARET MERRELL, ALFRED GELLHORN, and LOUIS B FLEXNER 

(From the Deparlmcnl of Biostahstica,* School of Hygiene and Public Health, The 
Johns Hop) ins University, and the Department of Embryology, 

Carnegie Institution of Washington, Baltimore) 

(Received for publication, January 3, 1044) 

The rate of exchange of the ■water of the guinea pig’s blood ■with extra- 
\ascular ivater has been determined, ■with deuterium oxide as the tracer 
substance (1) The present senes of expenments has as its objective an 
evaluation of the rate of exchange of the sodium of the gumea pig’s blood 
plasma ■with e'rtravasculai sodium, radioactive sodium (Na^O has been 
used as the tracer matenal Vanations m the concentration of mtrave- 
nously mjected Na^* m the plasma have been followed ivith respect to time, 
and the rate of change used to evaluate the rate of passage of Na from the 
plasma to the crtravascular fluid on the assumption that there is no 
separation of isotopes 

Ten adult gumea pigs were used for the expenments Samples of blood 
■were obtamed from a cannula placed m the proximal end of a carotid ar- 
tery A part of the experimental data has previously been published and 
analj zed from a different pomt of view (2) 

The method of measunng radioactivity (2) and the mixmg tune of a 
substance mtroduced by mtravenous mjections mto the gumea pig haxe 
also been given (1) The latter exidence mdicates that a foreign substance 
mtroduced mtravenously m the gumea pig is at least 95 per cent mixed 
■with the plasma at the end of 1 mmute, and completely mixed m 3 mmutes 
after mjection To allow for mixmg, the several measurements m our 
senes taken pnor to 1 5 mmutes after mjection were excluded from the 
determination of rate of transfer of Na-* from the plasma to extravascular 
fluid 

The measurements for the different animals are given m Table I In 
order to place them on a common basis, all the expenments were adjusted 
to the same initial concentration in the plasma Observations ivith the 
dye T-1824 gave an average plasma v'olume m the gumea pig of 4 3 cc 
per 100 gm of body weight (1) This value, the weight of the ammal, and 
the knovvTi amount of Na-^* mjected permit the calculation of the mitial 
concentration of Na-* in the plasma for each experiment on the assumption 
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of uniform distribution The mitial concentrations varied from 126 to 
5341 |S-raj s per second per cc of plasma These vere all adjusted to an 
imtial concentration of 1000 jS-rays per second per cc 

Tabm! I 


Change of Conceniraiton of IVo” in Platma, with Time 


Experiment No 

Xa.*'Cl injected 

\\ eight of 
' animal 

Time after 
injection 

Concentration of 

Na** in plasma 

Concentration 
in plasna adjusted 
to initial concen 
Ir&tion of lOOO 


fi rays per sec 

j 

1 cm 

1 

mtn 

3 rays per ce per 
sec 

6 rays Per ce per stc 

1 

22,900 

1 700 

1 

4 0 

208 

273 




7 0 

177 

233 




12 5 

134 

176 



1 

29 3 

131 

172 

2 

25,800 

700 

3 0 

197 

230 




5 8 

174 

203 



1 

11 3 

153 

179 




26 5 

147 

172 

3 

14,100 

500 

4 5 

130 

m 




9 3 

100 

180 




21 3 

99 

178 




66 5 ' 

90 

162 

4 

5,240 

420 

4 0 

74 

255 




21 0 

64 

221 




50 0 

60 

207 

5 

34,700 

750 

3 3 

245 

228 




10 0 

192 j 

178 




18 0 

191 

178 




31 0 

179 

166 

6 

32,350 

695 

2 8 

288 

266 




7 0 

246 

227 


i 


15 5 

218 

201 




25 5 

207 

191 




38 0 

188 

174 




62 0 

213 

197 

7 

12,600 

530 

1 2 

739 

1336 




7 6 

124 

224 

8 

3,130 

580 

1 3 

86 

633 

1 


6 0 

34 

270 


1 


33 0 

1 22 

175 

9 

15,150 

600 

2 3 

164 

279 



4 0 

135 

230 




12 9 

, 92 

157 

10 

1 

186,500 

812 

1 3 

2199 

412 



2 1 

1616 

303 


1 


3 2 

1517 

284 


1 


4 2 

1409 

264 




78 6 

933 

175 
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The change of concentration of Na=* in the plasma -nith respect to time 
IS shown m Fig 1 To denve the rate of moi ement of Na from plasma to 
extras ascular fluid by these data, assumptions are made which are stnctly 
analogous to those used m dennng the rate of e\change of water (1) It 
IS assumed that the amount of Na'* lost from the plasma per unit of tune is 
proportionate to (1) the number of mg oi Na which move from plasma to 
extravascular flmd per imit of time and (2) the proportion of the sodium 
m the plasma which is radioactive Part of the Na=* which escapes mto 
the evtravascular fluid will return to the plasma, and the amount which 
returns per umt of tune is proportionate to (1) the amount of Na which 



Fig 1 Change in concentration of Na** in the plasma with respect to tune 


motes from extravascular flmd to plasma per unit of tune and (2) the 
proportion of the extravascular sodium which is radioactive From these 
assumptions, the change m amount of Na-* m the plasma per umt of time 
IS given by 

(1) diVp JVf No — Np 

dt ^ Na, Na^ 

where r = mg of Na which escape from the blood vessels (or mto the blood 
vessels from the extravascular flmd) per unit of tune, No == the number of 
umts of Na** m the plasma at tune of mjection, Nj, = the number of umts 
of 'Na,-* m the plasma at any subsequent tune t, Naj, = total mg of Na m 
the plasma, and Nai- = total mg of Na m the extravascular fluid 
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To express Equation 1 in terms of concentration of m the plasma, 
Cp, it IS necessary to divide through by the volume of plasma, which gives 


( 2 ) 


rfCp Cp , Cft “* cp 

^ Na^ 


Integrating Equation 2 and solving for the constant of integration give 

(3) ?lln (cp — c„) — In (co — c,,,)! = —Rt 

where R = r/N&p = the proportion of the plasma Na which escapes from 
the plasma into the extravascular fluid per unit of time, q = Nae/(N’a« 
+ Nap) = the proportion of the total sodium which is extra vascuhr, and 
c„ = the concentration of Na^^ in the plasma at equilibrium 

Equation 3 states that the concentration of Na'^ m the plasma approach^ 
equihbnum in such a way that the loganthm of the concentration m e\ce» 
of the eqmhbnum concentration is a linear function with time In ev- 
poncntnl form Equation 3 may be expressed as 

R 

(4) Cp = (co — Ctqjc ® 


which states that the excess concentration is reduced b> a constant pro- 
portion per umt of time 

In Equations 3 and 4, as applied to the data of Fig 1, co is 1000 jS-rays 
per second per cc , ‘iince tiie concentrations foi all experiments were ad- 
justed to this basis Both c„ and q maj' be derived directly from the 
adjusted observations after equilibrium is reached These constants are 
derived as follows 

c„ IS obtained by averaging all of the observations at 9 3 minutes and 
later These values showed no downward trend ovei this period of ap- 
pioximatelj'' 70 minutes and averaged to be 181 ;8-ravs per second per cc 
From the individual values foi c,, obtained from the unadjusted observa- 
tions together with the known amount of ladioactivity injected and the 
body weight, the v oliinie av ailable foi dilution of sodium can be calculated 
(extiacellulai fluid volume) On the aveiage, this is equal to 25/ cr 
per 100 gm of bodv weight, with an individual vaiiation indicated by a 
0 - of 4 0 

Since 


C(q 


( Nap \ 

VKa^ -f ^ap/ 


and 


Nap 

^ap -(- Nap 


+ 




1 


then c *5 = Co (1 — q) 



MERRELL, GELLHORN, AND FLEXNER 


87 


Substituting the arithmetic values of Ct, and co, we have 
ISl =■ 1000 (1 - ?) and g = 0 810 

The evaluation of these constants now makes it possible to treat the 
data of Fig 1 as was done with heavy water (1) If the logarithmic func- 
tion of (Cp — c„) given by the left-hand side of Equation 3 is plotted against 
t, the points fall about a straight line, the slope of which is equal to —12, 
and R may therefore be determined giaphically For greater accuracy. 
Equation 4 w'as fitted by the method of least squares’ to the observations 
of Fig 1 from 2 1 to 7 5 minutes inclusne Earlier values were excluded 
because of incomplete mixing and the values at 9 3 minutes and beyond 
had already been used to determine the equihbi lum value The equation 
thus denved is plotted agamst the obseivations m Fig 1 

This equation gives a reasonably good description of the obsen^ations 
It IS worth noting, howei er, that there seems to be some tendency for tbe 
obser\ations from 4 to 8 minutes to remain at i temporary level before 
dropping to the equilibrium value If further obseiw’ations should show 
that this tendency is a leal factor, a moie elaborate equation would be 
required to describe this phase of the time change This would involve a 
changing rate of decline toward equihbrium instead of a constant rate, 
but over the majoi portion of the reaction, the value of the rate could not 
differ markedly from that obtamed through Equation 4 

The value of R obtamed from the fitted equation with t expressed m 
mmutes is 0 60 This states that GO per cent of the sodium of the plasma 
lea^ es the plasma each minute to be replaced by sodium from the extra- 
vascular source In terms of diffusible sodium of the plasma, if we sup- 
pose that 10 per cent of plasma sodium is bound to protein (3), this means 
that 67 per cent of the diffusible sodium of tbe plasma is exchanged each 
mmute 

The proportion of the sodium of the interstitial fluid which enters the 
plasma per mmute is giv en by r/Nas This is algebraically equivalent to 
the expression R (1 — q)/g, and can be computed fiom the arithmetic 
■values of R and q This is equal to 0 132, that i^, 13 per cent of the total 
sodium of the extravascular fluid is exchanged with the plasma sodium per 
mmute 

Another constant of mteiest is the one which describes the rate at which 
the tracer substance approaches equilibnum This is the exponential 
rate, w'hich m the present series of expenments is equal to 0 73 This 
means that at any mstant the late of loss of the excess concentration above 
equilibnum is 73 pei cent pei mmute 

The results of the expenments on water transfer prevnousl}’’ reported 

’ Cp deviations weighted by the factor (co — Cp)/(co — c,,) were used 
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(1) may be formulated into the same senes of constants just gnen for 
sodium so as to give a comparison of the rate of movement of sodium and 
water across the lascular membrane This comparison is presented m 
Table II 

The derivation of the rate constants for water follows from those pre- 
sented m the prenous paper, together with certam observations on water 
distnbution We ha\e shown that an exponential rate for the tracer 
substance of 0 82 means, in the case of water, that 73 per cent of the water 
of the blood is exchanged wnth extravascular wmter per mmute- On the 
assumptions (a) that 50 per cent of the water of the blood is m the plasma, 
and (6) that the water of the red blood cells does not exchange directly 
with extravascular water, then 146 per cent of plasma water is exchanged 
per mmute To express the proportion of mterstitial water which is 
exchanged per mmute, we can multiply 146 per cent by the ratio of plasma 

Table II 


Constants Describing Rates of Exchange of Sodium and of JVater between Vascular and 

Extravascular Systems 


Cooitants 

Sodium 

Water 

1 Proportion ot amount in plasma transferred to 
extravascular fluid per mm 

0 60 

1 46 

2 Proportion of amount in interstitial fluid trans- 
ferred to plasma per mm 

0 13 

0 29 

3 Loss m plasma concentra tion of tracer substance 
per mm relative to excess concentration 
(exponential rate) 

0 73 

0 82 


water to mterstitial water computed from the estimates ot plasma \olume 
(4 3 cc per 100 gm of bodj' weight) and extracellular fluid volume (25 7 
cc per 100 gm of body weight), since r/Wy (wp/wr) = r/ws, where Wp and 
We are respectively the volumes of water in the plasma and mterstitial 
flmd 

A comparison of these constants for water and sodium mdicates that, 
relative to the amounts of the two substances present, the exchange of the 
water across the vasculai wall is about twice as great as that of sodium 
That is, the ratio of w'ater molecules to sodium ions crossing the membrane 
per mmute is about twice what would be anticipated from their relatne 
concentrations m the flmd bathmg the membrane 

One might expect that this appreciably greater rate of water exchange 
relative to that of sodium w ould result m a more marked difference m rate 
of equihbration of the two tracer substances than was actually foun 
(Constant 3) The reason that this does not follow is that the systems 
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irwohmg the two substances difTei Water is contained not onlj" in the 
fluid sui rounding the vasculai membrane but m the various cells of the 
bodi, whereas sodium is essentialh evtracelhilai 
With the difference m these svstems for watei and sodium what it is, 
similar rates of equilibration of the tracer substances imply a much faster 
tnnscapillan exchange for water than for sodium Conversel}’’, onh m 
the eient that the transfer of water was much faster than that of sodium 
would similar rates of equilibration of the tracer substances be observed 

SUMMARY 

ith radioactive sodium as the tiacer material, the rate of exchange of 
sodium across the vascular membrane of the guinea pig has been 
determmed 

It has been found that 60 per cent of the plasma sodium and 13 per cent 
of the sodium m the extravascular fluid are transferred m either direction 
across the vascular membrane per mmute 
A comparison of the rate of mo\ ement of sodium and water across the 
membrane has been made The amount of water relative to that of so- 
dium crossmg the vascular wall per mmute is about twice what would be 
expected from their relative concentrations m the plasma 
The rate of equihbration of the tracer substances m the two cases is 
nevertheless veiy similar The fact that water is both mtra- and extra- 
cellular, while sodium is essentially extracellular, affects the relative rates 
of equihbration, and the difference m the systems for the two substances 
under consideration means that s imila r rates of equilibration imply quite 
different rates of transfer across the vascular membrane 
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Studies on the protein nature of hemoglobins, w hile less numerous than 
those devoted to the more spectaculai reactions of their iron poiphjrm 
prosthetic groups, haie neiertheless been evceedingh fruitful as a con- 
sequence of the earl}" availabihtv of these proteins in a purified form 
V ith solutions of the crystalline mateiial, Hastings (1), Cohn (2), Ferry (3), 
and Stadie (4) and their coworkers hate miestigated the effect upon the 
electrol}’te behatior of hemoglobins of their ionic environment These 
studies assume practical importance w ith the evploitation of human herao- 
globm as a by-product of blood banking Attempts are bemg continued 
to introduce human hemoglobin as an osmotically active colloid m the 
therapeusis of shock and hemorrhage Human fernhemoglobm solutions 
offer some promise as an antidote foi small ionic \ olume, hydroacid anion 
poisons which combine with its pi esthetic nucleus (5) as well as with those 
heaw metals of the “b” famil\ of Groups I and II of the periodic system 
of elements (6) We ma\ anticipate a broademng of the application of 
solutions of the hemoglobin denvatives in mtravenous therap} , so that a 
further knowledge of the behavior of such solutions m ph}siologic and 
pathologic lomc environments is of considerable practical utility 

Since the postulation b} Loeb (7) of the stoichiochemical nature of the 
reactions between proteins and either acids or bases, it has been customan 
to regard the proteins as amphoK-tes which differ only quantitative!} , with 
respect to their multivalenc} , fiom the simpler ammo acids In the case of 
hemoglobin this multivalenc} is enormous, for mstance, oxyhemoglobin will 
accept over 30 equivalents of base w ithout evidence of saturation as detei- 
muied by conductivity titration (Table I) (more smtable m this case for 
the demonstration of a sudden increase in hydroxyl ion concentration on 
stoichiocheimcal neutrahzation because of the high transport number of 
hjdroxyl Such an mcrease, were it to occur, would be masked b} the 
logarithmically decrement potentiometric effect were pH titrations relied 
upon to demonstrate it) That ferrohemoglobm is not saturated wnth 
respect to its apparent base receptors at 20 iron equivalents of base may be 
seen from its eleetrometnc titration curve (Fig 1) 

* On nuhtary furlough. United States Signal Service at large, present address. 
Medical Detachment, 1550 S U , Fort Knox, Kentucky 
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The high ratio of base bound bi feiiohemoglobin to its non equn alencj 
niaj be explained either bj a stoicluochenucal combination or as adsoiption 
If the foimer is the case, ne are forced to assume a degiee of midtnalcnci 
that cai lies nith it eeitmn implications a«ide fiom the stnctlv stoichio- 
cheniical reaction of neutralization The miiltu alenc}' of fei rohemoglobin 
must be reflected in the ionic strength of its solutions 


Table I 

Effect of AlLah on Conductivity of Solutions of Dog Oxyhemoglobin 


40 cc of 0 352 mM oxyhemoglobin with ^arjang quantities of added KaOH Jfo 
end-point IS observed even after the addition of over 30 equivalents of alkali 


[Hbt 


BHb 

Hb 

Conductivity 

mu 



irlas X iO-i 

0 014 

1 0 040 

2 S 

1 61 


0 OSO 

5 7 

2 16 


i 0 147 

10 4 

3 50 


0 240 

1 17 1 

5 76 


0 310 

1 22 0 

7 SO 


0 390 

27 7 

10 07 


0 440 

31 2 

11 SO* 

0 02S 

SO 

2 S 

2 76 


97 

3 4 

2 97 

1 

117 

4 2 

3 29 


14S 

5 2 

3 77 

1 

179 

6 3 

4 29 


210 

7 4 

4 85 


246 

8 7 

5 44 

1 

277 

! 9 8 

6 02 

i 

303 

10 1 

6 37 


305 

12 9 

7 80 

1 

435 

15 4 

9 52 


4S0 

17 0 

' 10 01 


528 

' IS 6 

11 10 


607 

21 4 

12 S3 


670 

23 6 

13 SO 


759 

26 S 

16 06 


923 

32 6 

19 89 


* This \ alue had fallen to 9 96 after standing 20 hours 


Since it has been impossible to demonstrate a defimte stoichiochemical 
t alence for a protein by titration, one maj attempt to measure its contribu- 
tion to the ionic strength of its solution and thus amve at an ionic strength 
\ alence It is this attnbute of the ferrohemoglobmate ion wluch is the 
subject of tlie present ini estigation For the purposes of the latter, the 
reductant ionic actn ity of ferrohemoglobm is ignored and u e are restncting 
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the term “ferrohemoglobinate ion” to that of its protein ampholytic 
behai lor 


Elertrometnc titrations of- 
base-free ■ftrrohcme^lcbin (do<^) 



Fig 1 Electrometnc titration of base-free ferrohemoglobin Except for the 
points taken from the data of Hastings, Van Slyke, Neill, Heidelberger, and Hanng- 
ton (1) which were secured by those investigators by the CO» titration method, all 
points on this figure were from electrometnc pH determinations made in the same 
electrode i essel as that used for the comparative titration curves The hemoglobin 
solution differed from that used for the latter study in having been dialyzed free 
from chlonde ion, so that the solutions were at the isoelectno point before the 
addition of alkah These solutions were of the order of 0 1 it, so that no water cor- 
rection factor was apphed in the calculation of the ratio of base bound by ferrohemo- 
globin to the pigment, for, even assuimng an enormous degree of hydration of the 
hemoglobin molecule, the ratio of the molal to molar concentration would still be 
practically umty in such dilute solutions 

^Vben it IS considered that the effect of ionic strength is in geometncallv 
progressive propoition to the number of electronic talences, it follons that 
such effects in protein solutions could conceivably, be massive Stadie 
(8), taking into account the approximate diameter of the hemoglobin 
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molecule and assuming a umform distribution of valence charges ovei its 
surface, concluded that the hemoglobmate ion would exhibit an ionic 
strength ^ alence of unit} Such a \ alue was actually secured b} a measure- 
ment of the effect of the \ arious hemoglobm dern atu es on the first dissocia- 
tion constant of carbonic acid 

Hastings, Van Slyke, Neill, Heidelberger, and Haiington (1) found that 
the base bound by horse feriohemoglobin was related to the salt concentra- 
tion of the solution at a pH above that corresponding to its isoelectric point 
According to the method of calculation employed in the present study, it 
would appear from their data that horse feirohemoglobin combined with 
2 iron equi\ alents of base exlubits an ionic strength valence of 2 Barnard 
(9) noticed that a solution of dog ferrihemoglobin produced a depression of 



Fig 2 Titration of carbon monoxide hemoglobin O, m = 1017, #, ji = 0 0646, 
A,/i = 0 0451, X.ii = 0 0303 

26 millivolts in the Ea value of the oxidation-reduction potential of the 
ferncyamde-ferrocyanide s}stem One explanation could have been the 
high ionic strength of the protein component of the solution, and in that 
particular study the explanation was attnbuted to this 

In 1928 some prelirainarv comparative titrations vvere undertaken of 
solutions of carbon monoxide hemoglobm (dog) with sodium h} dioxide at 
V arying salt concentrations Because the concentmtion of pigment m the 
solution inadvertently remained undetermined, its contribution to the ionic 
strength of the solution could not be calculated but it was obvious from the 
spread of these curves that the lomc strength v alence of this hemoglobin 
denvmtive was not uniform over the titration range and must, in the 
vicmitv of maximum spread, be greater than unit} (Fig 2) 
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In the piescnt in\ cstigation, the effect of the ionic strength of its solutions 
on the “lumped” acid dissociation constants of dog feriohemoglobin has 
been studied To this end there hare been seemed electrometiic titration 
curves of the pigment from pH 6 2 to 10 7, beyond nhich limits the pigment 
IS denaturated 

EXPERIMENTAL 

Ferrohemoglobin solutions weie prepaied bv suction e%acuation of 
suspensions of crj'stalline base free caibon monoxide hemoglobin (dog), as 
prexaously desciibed (9) The cn stals used had been subjected to but one 
Mashing, by this expedient the chloride ion associated inth the pigment 
was not reraoxed, therebj making it possible to observe a small portioij of 
the acid-combmmg region without recoui'se to acid titrations The ferro- 
hemogiobm solutions were transferred to an electrometric titration vessel 
(Hastmgs (10)) undei hjdiogen and inciements of standardized alkali 
solution (either NaOH oi Ca(OH)s which had been ex acuated and saturated 
xxith hydrogen) xxere added from a micro biiiette The pH xxas measured 
potentiometncally with a platinized, point platinum electrode, the chain 
being 

H, 1 Hb 1 KCl 0 05 X 1 | KCl saturated i HgjQ j Hg 

The titrations were contmued to the point where the solution had under- 
gone xisible conversion to globin ferrohemochromogen, this usually took 
place m the vicinitx of pH 11 Immediatelv after each titiation, the pH of 
0 1 xi HCl xxas detei mined with the same electrode that had been used for 
the titintion When the xalue obtained diffeied by more than 0 02 pH 
from the xalue for this normality of acid (pH 1 081), the data were dis- 
carded All titrations xxere conducted at 22° ± 2° Since the data are 
purely compaiatix^e, no coriections xxere applied for temperature, baro- 
metric pressure, water vapor content of the hxdiogen, or foi the Ea of the 
particular calomel half-cell used Contact and thffusxon potentials w'ere 
Ignored (as being of insigmficant magnitude) tor reasons 'that xxull appear 
later In spite of the somew hat diminished sensitmty of the chain (because 
the concentration of KCl in the agai-salt bndge had been cut doixm to 0 05 
XI to minimize alteration iivthe lomc strength of the solution in the titiation 
xessel through maiked diffusion of KCl into it) it xxas possible to run each 
titration rapidly, both mtemal and electrode equilibrium being attained 
xnthm a fexx seconds after addition of an inclement of alkali In a few m- 
stances the contents of the titration xessel weie lemoxed for spectroscopic 
exammation In this xx ax it xx as found that the almost indicator-like pomt 
of change fiom feriohemoglobin to globin ferioheniochromogen takes place 
at a shghtlj lowei pH m solutions containing sodium chlonde than it does 
in salt-free solutions 
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Calculations 

The pH of the titrated solutions was calculated from the observed b m e 
by the equation 


pH = 


E M F — 0 2458 
0 0591 


(o) 


The theoretical ionic strength of the solutions employed n as calculated 
from the formula of Lewis and Randall (11) adapted to these solutions 

l^al + [Cll + [OH] + [Hb)2= 

" ^ (W 

ft 

If [OH] IS discarded as infinitesimalh small and the valence of ferrohemo- 
globm IS approximated bi the number of iron equivalents of base bound bj' 
it, the completed equation becomes 




[Nal + [ClI + (Hb) 
2 


(c) 


The imtial assumption for this approximation of the contribution of the 
ferrohemoglobmate ion to the ionic strength of its solutions is defensible only 
as an expedient Stadie (8) deliberated this point m his paper and finalh 
decided to treat the hemoglobin derivatives as though they iiere univalent 
electrolytes It may be lemarked that the results on the ionic strength 
valences finally calculated are found to be essentially the same whether 
the present method (i e , in u hich the ionic strength contnbution of the 
ferrohemoglobmate ion is taken as that of its apparent stoichiochemical 
valence) is employed or that of Stadie, m lunitmg this to unity, or, for that 
matter, one in nhich any possible contnbution of the pigment tonard the 
ionic strength valence of its solution is ignored m its entirety throughout 
the titration range (as occurs automatically m the present method of calcu- 
lation in which this is made for the ncmity of the isoelectric point of ferro- 
hemoglobm) We are faced by three methods m this matter, the last is 
the simplest expedient but obviously not a defensible one because the pig- 
ment does contnbute to the ionic strength From the data of Hastings 
el al (1) obtained by the v ery accurate CO- titration method, it is seen that 
tins contnbution may be greatei than umty The present method vas 
adopted therefore as being, theoretically at least, the correct one The 
fact that there is httle difference in the end-result as to n hat is accepted 
as the valence of ferrohemoglobm for this purpose finds its corollars m the 
mconsequentiahty of nhethei, for the same purpose, the molecular n eight 
of ferrohemoglobm is taken as equal to iron equivalency or as 4 times tms 
amount Stadie used the former figure and we have also because relativ eh 
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dilute solutions of hemoglobin may actually be dissociated mto submole- 
cules (12) 

That the resultant ionic strength of the ferrohemoglobin solutions mav 
not be unduly lugh is eiidenced by a consideration of Curve B, Fig 3 
The slope represents an adaptation of the limiting equation later developed, 
ApH = 29 AVmj /S in this case having a value of 2 9 While this v alue 
corresponds to an lomc strength valence of 2 4, it is noticed that the actual 
slope, as mdicated by the last three experimentally determined points on 
it, shoivs a tendency to level off and this occurs at the v^er}'' vncinitj' of ionic 
strength which corresponds to that designated for such a departure bv the 



Fig 3 Titration of ferrohemoglobin solutions of constant base ratios with sodium 
chloride Curve A exhibits a p slope of 0 25, while that of Curve B has a value of 2 9 
The approximate lineanty of the experimental points indicates that the area of the 
curve plotted from the data of Table II would be the segment of a flat plane The 
V anation of pH induced by the addition of NaCl cannot be entirelj due to changes in 
liquid junction potential and the vanation of p which has a slope over 10 times as 
great in Curve B as that of Curve A cannot be due to change in the dielectnc constant 
of the medium 

expanded Debye-Huckel equation (13) The regular method applied, 
however, to the determmation of the lomc strength valence is bj calculation 
from the more simple limiting law derived bs' Debv’^e and Huckel bv adapta 
tion of the classical three-halv es power law of Poisson's to the electrolv tic 
behavnor of solutions This limiting expression, 

-Iogii)/= -r'-v/iT (d) 

w here a = 2/(10 RDoTo)^ , all of whose terms are umv ersal constant^:, 

has been sunphfied bv' Bi ousted and La Mer (14) who express the left-hand 
member in positive notation and combine a and z into a single senes of 
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constants, i3, ^hose value is a geomctnc function of the valence tj^ie, ahile 

as in the luniting equation, is the ionic strength as defined by Lewis and 
Randall (11) 

It IS necessary for an evpenmental ei aluation of the ionic strength effect 
to measure the change m the activity of a constituent of the solution Such 
a change would be geometrically propoitional to the ionic strength valence 
and theoreticallj the method would be more accurate for a designation of 
the higher valence types 

As the index to the change in ionic strength, Stadie and Haw'es (4) used 
for the criterion the activity of bicarbonate ion 'This method is com 
plicated by the unknowm extent to which the carbammo reaction concurs 
It has been deemed adnsable to use, instead, the apparent activiti of the 
fenohemoglobmate ion itself 

Because ferrohemoglobin has at least twenty acidic groups each with 
its individual dissociation constant and because of the hopelessness of anj 
attempt to make an isolated measurement of any one of these, we mav 
assume that, as in the cases of all other polyvalent anions, the individual 
dissociation ranges are not coextensive In the case of ferrohemoglobm 
we may likewise assume, as did Stadic and Martin (15), that these m 
dividual dissociation constants can be treated as though they were spaced 
at more or less equal intervals throughout the pH scale This assumption 
finds some support in the absence of gioss inflections from the titration 
cun e of ferrohemoglobin 

If, then, we titrate a solution of feiiohemoglobin wuth alkali, we may 
consider that at any particular portion of the cune vve are in the ncmit} 
of the half neutralization pomt of some particular acidic group and by, 
application of the Henderson-Hasselbalch equation to this group. 


pH = pIC, 

In the defined vicmity where 


• log 


[HA. l 

1B4.) 


[HA,1 ~ [BA.], log -* 0 

pH = pK» and ApH = ApK# 
Since the limiting law (d) is a linear equation, 

pK, = pV/T and g is a constant 
ApK, = /3 AVp and if we substitute from (t) 

ApH 


(e) 

is, 9) 

ih.t) 

0) 

(U 



R D BERNARD 


99 


At 22°, /3 IS almost exactly 0 5 The ionic strength valence mav therefore 
be calculated 

r. = (0 

The foregomg is based on the classical dissociation theory of ampholytes 
and Ignores the fact that feirohemoglobin, like other proteins, is a massive 


1 \BLE II 

Ejff'ecl of Ionic Strength on ictdity of Dog Ferrohemoglobtn 
Titration of 10 cc of 1 44 niM dog ferroheraoglobm with 31 4 inst NaOH in the 
presence of NaCl and NaBr pH 0 1 m HCl 1 079 Concentrations in mw per 
liter 


Hb 

Na 

Halide 

BHb . 

Hb 

pH (chloride) 

pH 

(bromide) 

vjr 

1 44 

0 0 

2 0 

-1 24 

6 089 


0 0464 

1 32 

3 0 

1 9 

0 87 

7 214 


0 0500 

1 20 

5 0 

1 8 

3 02 

8 051 


0 0945 

1 12 

8 0 

1 7 

4 80 

9 140 


0 1311 

1 05 

10 0 

1 5 

6 67 

9 911 


0 1710 

0 90 

15 0 

1 3 

11 90 

10 580 


0 2690 

0 80 

18 0 

1 1 

16 10 

10 861 


mmm 

0 75 

19 0 

1 0 

18 35 

10 921 



1 44 

91 0 

92 8 

-1 24 

6 210 

6 259 


1 40 

90 0 

SS 4 

0 22 


6 693 


1 31 

87 0 

82 8 

1 24 

7 169 

7 201 


1 20 

84 0 

77 G 

3 00 

7 643 



1 11 

80 0 

77 2 

5 01 

8 231 



1 05 

77 0 

68 S 

5 80 


9 216 


0 96 

76 0 

66 4 

7 47 

9 752 



0 94 

74 0 

64 2 

8 00 


10 004 


0 92 

72 0 

62 0 

9 61 

10 119 



0 90 

70 0 

57 0 

11 90 

10 289 

10 321 

0 3569 

0 80 

65 0 

51 6 

16 10 

10 630 


0 4020 

0 75 

63 0 

49 0 

18 35 

10 786 


0 4300 

0 72 

62 0 

46 5 

20 24 

10 962 


0 4511 


* Calculated from the added base after subtraction of the amount found neces 
san to bring the solution to the isoelectnc point (pH 6 810) 


and complex zuatter ion Fai from imposing any difficulties, the concept 
of the zwitter ion complex assists in explainmg the irreconcilabilitx ot the 
calculated and measured ionic stiength xalences of feirohemoglobin, while 
It does not affect our method of calculation of the shift in the lumped 
dissociation constant on which the expeiimental x allies aie based 

Results 

Table II represents a titiation of ferrohemoglobin m salt-free solution 
and its comparative titiation in the presence of sodium halide The S 
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values calculated fiom this experiment aie gi\en in Table HI It is ap- 
parent that the ionic strength effects of sodium chloride and sodium bromide 
are practically identical, as -would be predicted by the Debye-Huckel 

Table III 


Effect on Its Ionic Strength of Sodium Bound by Ferrohemoglobin 


BHb 

Hb 

1 

ApH 1 

1 

aVjT 

f! 

-1 24 

0 132 

0 256 

0 515 

2 0 

0 25 

0 22 

1 13 

4 0 

0 65 

0 18 

3 61 

6 0 

0 45 

0 14 1 

3 21 

8 0 

0 27 

0 11 

2 46 

10 0 

0 28 

0 10 

2 80 

12 0 

0 28 

0 085 

3 03 

14 0 

0 22 

0 075 

3 41 



Fig 4 Microti tration of 10 cc of 1 9 iom ferrohemoglobin with 0 0314 uNaOH X, 
salt-free ferrohemoglobin, #, recalculated from Hasting et al (1), O, ferroherao 
globin in 0 1 M NaCl This expenment appears to justify the assumption that liquid 
junction potentials in the electrometric chain are not responsible for any large error 
in the determination of pH in ferrohemoglobin solutions nor is a variation of liquid 
junction potentials the cause of the shift in the pH of such solutions at differing salt 
concentrations It is observed (a) that the isoelectnc point of ferrohemoglobin 
coincides with that arrived at by cataphoresis and solubility experiments and (6) 
the effect of similar concentrations of added XaCl on the observed potential is ap 
pro-ximately equal and opposite in sign at opposing equidistant directions from the 
isoelectric point 

theorj It IS also to be noted that each salt everts an effect upon both 
the acid- and base-combmmg powers of fenohemoglobm everywhere on 
the titration cun e (except, of course, at the isoelectnc point of the pig- 
ment) This effect is to increase the buffei power of ferrohemoglobin 
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The rehtive absence of salt effect near the isoelectric point is bi ought out 
bi a consideration of Fig 3, in nhich is represented a comparative 
titration of ferrohemoglobin solutions of constant base content nith 


Table IV 

Calcium and Sodium Combining Powers of Dog Ferrohemoglobin 
Concentrations in niM per liter 


A 10 cc 0 581 m« ferrohemoKlohin tilrated with 0 04 B 10 cc 1 00 mu ferrohemoglobin titrated with 0 04 
u NaOH and 0 02 m Ca(OH)i pH 0 1 it HCl 1 087 u NaOH and 0 02 it Ca(OH) pH 0 1 u HCl 1 092 


[Hbl 

INal 

[Cal 

BHb 

Hb 

pH 

VT 

IHbl 

INa] 

(Cal 

BHb 

Hb 

pH 


0 

5G5 



1 

24 

1 

34 

7 

387 

0 


1 

90 



0 

a 

1 

a 

I 

212 

i 


0 

562 



1 

44 

1 


7 

698 

0 


1 

89 



0 

30 

-1 

57 

1 


0 

068 

0 

556 



1 

62 

2 

07 

s 

051 

0 


1 

86 



0 

69 

-1 

37 

6 

289 

0 

069 

0 

555 



1 

80 

2 

36 

8 

Kiri 

0 

mu 

1 

84 



1 

22 

-1 

11 

6 

471 

0 

BBl 

0 

550 



2 

08 

2.98 

8 

985 

0 


1 

81 



1 


-0 

77 

6 

562 

m 

07d 

0 

548 



2 

30 

3 

34 

9 

316 

0 

0886 

1 

77 



2 

48 

B 

37 

6 

732 

0 

081 

0 

545 



2 

47 

3 

71 

9 

569 

0 

m 

1 

76 



3 

61 

B 

26 

6 

915 

m 

086 

0 

540 



2 

78 

4 

27 

9 

766 

0 

m 

1 

69 



3 

79 

-0 

37 

6 

994 

0 

095 

0 

535 



3 

00 

4 

75 

9 

952 

0 

B 

1 

Kil 



5 

19 

1 

53 

7 

339 


117 

0 

530 



3 

60 

5 

96 

EE 

191 

0 

m 

1 

53 



7 


2 

78 

7 

941 


148 

0 

581 







6 




1 

49 



8 

59 

4 

UK 


[i™ 

0 

163 

0 

578 



0 

35 


02 

6 

632 

0 

1 « Z 

1 

46 



9 

27 

4 

57 

8 

283 


190 

0 

575 



0 

50 


m 

6 

821 

0 

i!S 

1 

38 



EE 

38 

5 

61 

8 

479 

0 

222 

0 

570 



0 

75 


52 

7 

069 

0 

1 ' S 

1 

34 



11 

91 

7 

m 

9 

229 

n 

240 

0 

565 



1 

13 

1 


7 

363 

0 

1 1 1 

1 




12 

42 

7 

34 

9 

530 

0 

254 

0 

552 



1 

88 

2 

58 

8 

404 

0 

1 ' S 

1 

27 



13 

m 

8 

79 

9 

739 

0 

280 

0 

550 



2 

08 

2 


8 

833 

0 

' ! IK 

1 

21 



15 

Ee 


ESI 

By 

112 

0 

324 

0 

505 



5 

25 

9 

49 

10 

662 

0 

1 SS 

1 

14 



16 

64 

12 

35 


362 

0 

346 

0 

581 





-0 


6 

193 



1 




17 

88 

15 

EE 

mi 

578 

0 

406 

0 

573 

0 

60 



Bl 

17 

6 

913 

0 


1 

75 

3 

82 



Bl 

37 

7 

um 

0 

059 

0 

564 

1 

21 



1 

23 

7 

541 

0 


1 

61 

6 

28 



2 

Dn 

7 

618 

0 

089 

0 

552 

1 

92 



2 

56 

8 

753 

0 


1 

58 

6 

93 



2 

47 

' 


0 

092 

0 

550 

2 

11 



2 

87 

9 

071 

0 

® ! 

1 

49 

9 

29 



4 

57 

9 

Rkwi 

0 

150 

0 

540 

2 

81 



4 

24 

9 

856 

0 

m ' 

1 

ESI 


37 



5 

61 

9 

491 

0 

159 

0 

530 

3 

60 



5 

83 

m 

214 

0 


1 

38 

12 

35 



7 

26 

9 

848 

0 

204 

0 

520 

4 

64 



6 

52 

10 

332 

0 

ifn 

1 


14 

44 



8 

79 

9 

990 

0 

242 













1 

20 

14 

98 




m 

Si 



290 













1 

09 

17 

EE 



13 

25 

m 

Bh 


346 













1 


18 

42 



16 

10 

10 

670 

0 

374 


varymg amounts of sodium chloride The slope at BHb/Hb = 0 36 
I'l almost honzontal, at BHb/Hb = 14 7 the slope is almost 3, nhich 
corresponds to an lomc strength valence of about 2 5 This value agrees 
with that derived from Table III|ppJins‘^aTticulanbas8 ratio and is prob- 
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ablj close to the appaient maximum ionic strength lalence demonstrable 
by calculation from (1 ) ' 

Fig 4 repiesents a titration of ferrohemoglobin in the vicinit}' of the 
isoelectnc point, in the piesence and m the absence of added sodium 
chlonde It shows that the salt eftect at HbX/Hb = BHb/Hb = 1, 
where the lomc strength aalence is umtj', is in accordance with the \alue 
arrived at by Stadie (whose data were confined to the acid side of the 
cun e), because the ApH r alues are almost identical, though opposite in sign, 
for the left-hand and middle members of the equation Smce at the point 
of the nght-hand equality the lomc strength i alue is umty, this must be 
true of the left-hand member as well 

Table IV gi\ es the results of comparatn e titrations of ferrohemoglobin 
woth sodium and calcium hydroxides Ciin'es plotted from Table IV 
(not reproduced) show a similanty in contoui but throughout the titration 


T,ible V 


Effect on Its lomc Strength of Calcium Bound by Perrohemoglobin 


Expenment A, Table IV 

Experiment B Table IV 

BHb 

Hb 

apH 

t Av5r 1 

f 1 

A 

BHb 

Hb 

1 

ApH 1 

aVm” 


1 

0 15 

1 oom 

S 3 

0 37 

0 095 

0 034 

2 79 

2 

0 34 

( 0 0190 

18 2 

4 57 

0 749 

0 040 

18 21 

3 

0 34 

j 0 OISO 

18 9 

5 61 

1 012 


16 09 

4 

0 21 

1 0 0191 

10 9 

7 20 

0 611 

■! 

16 94 

5 

0 13 

0 0210 

6 2 

S 79 

1 0 251 


6 61 

6 

0 52 

j 0 0222 

23 6 

1 10 90 

' 1 

0 259 


8 09 


more calcium than sodium eqmvalents are bound bv ferrohemoglobm The 
values calculated from these expenments (Table V) are of the order of 
magmtude predictable by the Debye-Huckel theory, though mordinately 
high for calcium ion The explanation may leside either m a specific ion 
effect or in a lesser degree of dissociation for calcium than for sodium ferro- 
hemoglobinate 


DISCUSSION 

For the purposes of the mvestigation it is necessary to evaluate the 
factors which wall affect the xeiacity of the lalue d as determined, and to 

' In this connection it is pointed out that even ions of a simple valence type may 
exhibit P values slightly lower than would be calculable from equation (I) 
for the pKj of carbomc acid, Hastings and Sendrov (16) obtained the valued = 16 
instead of 2 For the pKj of orthophosphonc acid, Sendroy and Hastings (17) 
obtained a 6 value of 4 instead of the theoretical 4 S 
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outline the difficulties in the interpretation of the results once it has been 
admitted that the slope |3 actuallj' represents a function of the lomc strength 
valence of ferrohemoglobni In the first categori there are those factors 
nhicli affect the accuraci of the determination of pH of protein solutions 
from electrometric data The assumptions already made in this connection 
by Stadie are considered to be sound both from the reasomng presented by 
that investigator and by'^ e\ndence uncovered during the course of the 
present investigation The three factors m this category are (a) insig- 
nificance of liquid junction potentials, indicated in this study by the com- 
cidence of the isoelectric point of ferrohemoglobin from electrometric data 
at different salt concentrations nhich corresponds to the pi as determmed 
by methods of COj titration employ’ed by Hastings et al (1), (li) the insig- 
nificance of hydration effects is an assumption even more valid in the 
present v ork than in that of Stadie’s because of the high ratio of solvent 
to solute employed in the former, and (c) absence of irreversible reactions 
in the sy'stem B+ -1- X~ -f- ~Hb+ -j- OH" for v Inch the absence of evidence 
of spectroscopic alteration until the pomt of ferrohemochromogen formation 
IS reached can be considered a reasonable mdication 
From equation (k), assunung that the vahdity of the numerator of the 
nght-hand member is thus established, the veracity of calculated 13 is 
dependent upon It is sigmficant in this regard that, nhile the 

legitnnacy of the calculations of the absolute value of n is m some doubt 
(because of the assumptions made m takmg the molecular n eight of ferro- 
hemoglobm as that of its iron eqiuvalency and its lomc strength contnbu- 
tion as a geometnc function of its base ratio), the value of A\//i Js not 
thereby called to question The latter is a Imear function of a umform 
slope, and herem hes the explanation of the paradox that it is immatenal 
to the final result nhat xalue is assigned to the stoichiochemical valence 
of ferrohemoglobin for the calculation of the lomc strength of its solutions, 
for m the ultimate step, the calculation of Ay/Ji, the square root is taken of 
a square law function and the result is bound to approximate one of the 
first order Likewise for the numerator of the equahty (A,), ApH, the ex- 
pedient of its use relegates the question of the absoluteness of pH values 
to the background Actuallv it may not connote a change in the actinty 
of the acidic groups at all, for according to the zwitter ion concept what has 
been measured is a change m the apparent basic dissociation constants 
UTiich actually have been measured is of httle consequence in so far as they 
concern the inquiry into the lomc strength valence 
The mterpretation of the xanations in /3 must, from the fundamental 
equation and from the experimental conditions imposed, reflect either a 
change m the dielectnc properties of the solvent induced by the solutes or 
a variation in the ionic strength x alence of ferrohemoglobin These two 
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possibilities -\i-ill be discussed before the onlj' alternative explanation is 
brought up that the Debye-Huckel theory maj not be applied without 
reservation to solutions containing dipolar ions 
Diekdnc Conslani of Ferrohemoglobin Soluhom — ^The dearth of data as 
to changes m the electiostatic permeabihty of solvents induced by simpler 
ions, let alone protein ions, is, as Stadie has pointed out, the largest stum- 
bling block in the unreserved application of the Debye-Huckel theory to 
such solutions There is in addition the further consideration, not properly 
appreciated at the time of Stadie’s analysis, that ferrohemoglobin solutions 
are paramagnetic (18, 19) One may debate the propriety of refemng to 
a dielectnc constant of a paramagnetic medium at all, but there are heunstic 
arguments for the acceptance of the position that the concentration of ions 
extant in the medium m the present and in Stadie’s study is vithout ap- 
preciable effect on the electnc parameters of this medium An attempt n as 
made to measure any effect of ferrohemoglobin on these parameters with 
negative results The method used is open to the cnticism of insensitivity 
but it IS the best a\ affable for the purpose at hand 
For the absolute determination of the dielectnc constant of a medium 
throughout which ionic forces are at play, it would be necessary to measure 
the velocity through this medium of radiant energy of such frequency that 
its wave-length would be small m companson to the distance between the 
ions If the dimensions of the medium are massive in companson to those 
of the artifacts withm it, the over-all permeability and susceptibihty may, 
for practical purposes, be taken as equal to that of the medium itself Thus 
Maxwell’s field equations are apphed to an as though it were free space, 
notmthstandmg the fact that its contained ox\ gen is defimtely paramagnetic 
and m spite of the fact that these equations break dorni completely when 
we get down to dimensions far above those of the gas molecules m air 
Tins IS so because for those w ave-lengths appreciably above the dimensions 
of artifacts m an absolutely heterogeneous field the latter becomes homo- 
geneous We cannot hope to use any radiant energy practically available 
for an absolute determmation of dielectnc constant m a heterogeneous field 
and thus we cannot determme the dielectnc constant of the medium m the 
immediate vicimty of \ alence charges It is the last parameter that maj 
be the all important one For the present, how ever, w e have no alternative 

but to treat the solutions employed in this study as an isotropic homo 
geneous medium and to measure the effect of ferrohemoglobm on the ap- 
parent dielectnc constant of a sodium chlonde solution of the same order 
of concentration as those employed m secunng the comparat i\ e titrations 
This was done bj^ the measurement of its effect on the distributed capa^v 
of the mductive component of an antiresonant electncal circuit The 
frequencies used w ere as high as was compatible wnth accuracv m measure 
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ment and too high for the measurements to have been thrown off by the 
effect of lomc mobilities 

For tins purpose the Boonton Q meter was employed The apparatus 
consists of a vanable high frequency oscillator supplymg the antiresonant 
circmt, the potentials across the latter being read m terms of Q on a vacuum 
tube potentiometer The mductance consisted of a coil compnsmg six 
turns of No 12 enameled copper wire w ound snugly around a 6 X I mch 
soft glass test-tube m which was placed the solution whose comparative 
dielectnc constant was to be detemuned The cncuit was brought into 
antiresonance by adjustment of the vanable condenser in parallel with the 
mductance, for different frequencies between 12 and 45 megacylces, m the 
presence and absence of ferrohemoglobin in the solution There was no 

Table VI 


Effect of Ferrohemoglobin on Apparent Specific Inductive Capacity of Sodium Chloride 

Solution 


w X 10* 

1 

0 11 mu Nad j 

0 18 mu fmobemoglobm in 

0 11 mu NaCl 

Distributed capacity* 

c 

c* 

1 

0 

1 

With 

ferrohemo- 

giobm 

Without 
ferrohemo- 
! ihbiD 

12 



203 

446 11 

0 so 

1 

1 

15 

231 

290 49 




0 51 

18 



243 

202 40 

0 60 


25 

258 

101 68 

255 

101 65 

0 60 

0 55 

35 

216 

50 55 




0 56 

36 9 i 



200 i 

45 70 

0 56 


45 

1 

144 

1 

29 91 1 

148 j 

29 91 

0 615 

0 615 


* In Ducromicrofarads 


sigmficant difference m the readings obtamed from the two solutions 
(Table VI) Apparently the presence of feiTohemoglobm m the concen- 
tration of 0 1 mM is without effect on the ov er-all dielectric constant of 
sodium chlonde of like concentration for tins •particular band of frequencies 
The V alues of Q observed m this experiment are also given in Table VI 
Ferrohemoglobm as a ferromagnetic substance should have exhibited for 
the solution in which it was mcorporated a shghtly higher Q value than 
that of the solution from which it was absent (Actually this is seen to 
be the case when Q/X is plotted, the point reversal at 25 megacycles is 
undoubtedly an experimental error ) The method is not, how ever , devised 
for the accurate determination of magnetic susceptibilities But the coin- 
cidence of the Q values has a more pertment significance VTule Q is 
oidinanly used as a “figure of ment” for inductances and capacitances, we 
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may adduce from the fact that there is little difference m its value with or 
■without ferrohemoglobm an additional proof that the latter is mthout 
marked effect on the dielectnc constant of its solutions at any wave-length 
For 

wZ/ 1 


and 



M 



the frequency terms disappeanng and Q ha\mg the dimensions of an im- 
pedance Now the square root of the ratio of magnetic susceptibility to 
dielectnc constant is likewise an impedance and a constant one for an\ 
isotropic, homogeneous medium in which a fixed velocity of propagation 
of electromagnetic energi' obtains Pauhng and Cor 3 'ell (19) have meas- 
ured the magnetic sasceptibilitj of ferrohemoglobm solution and have found 
it to be constant over a pH range coinciding with that covered m this studj 
Smce magnetic susceptibihtj is inductance per unit distance, it necessarilj 
follows that the dielectnc constant wluch is capacitance per unit distance 
must likew ise be uniform o\ er this range The varjing /3 values, therefore, 
could not, by this reasoning, be due to change in dielectnc constant of the 
solutions with varying hi drogen ion concentration 

Calculations from the data shown m Fig 3 likewise sen e as an mdication 
to construe these varying values as due to something other than a change 
m the dielectnc constant of the medium, exclusivelv Unless some other 
construction is put upon them, one cannot escape some rather remarkable 
conclusions If we assign an ionic strength valence of umty to ferro- 
hemoglobin, from the equation for a, the slope, Cune A in Fig 3, would 
connote a dielectnc constant higher than that of any knoivn substance, 
while from the d slope, Cur^e B, there would be indicated for the solution 
a dielectnc constant half that of free space The speed of light through 
such a medium w ould be 4 times that m a vacuum 

It IS thus probable that lanations m exhibited /S value are not condi- 
tioned b\ dielectnc changes m the medium Suggestive endence that thei 
should not be so constmed is also xnelded from Stadie’s data Nitric oxide 
and carbon monoxide feiixlhemoglobin were found by Stadie to lower the 
iS value m the actmtx equation as applied to bicarbonate ion, while ferro- 
hemoglobin, fernhemoglobm, and cvanide ferridehemoglobm did not affect 
the them etical value for a unix alent ion markedh 4. more likely explana- 



n D BABNARD 


107 


tion than that the ferrylhemoglobms produced a marked nse m the dielectnc 
constant of their aqueous solutions is that, their isoelectric point being 
closer to the pH corresponding to the pKi of carbomc acid, their lomc 
strength valence in this range is less than imity That of ferrohemoglobm 
and fernhemoglobin (and probably the ferndehemoglobins), havmg iso- 
electric pomts further removed from tlus vicimty, exhibit a normal 
lalue for a unixalent ion beeause, fortmtously enough, the pi of the latter 
is just such a distance from the pKi of caibonic acid that the pigments 
have a stoichiochenncal valence of 1 at the latter pomt 

Interpretation of /3 Slope for Pi olein Solutions — In the face of the results 
of the present mvestigation those theoretical considerations which led 
Stadie (8) to asenbe a maximum ionic strength \ alence of umty to ferro- 
hemoglobm are untenable Thej' would unquestionably be xahd if the 
molecule were a globular mass with the valence charges distributed uni- 
formly over its surface, each charge imght then be sufficiently removed 
from its neighbors to be considered as outside their electrostatic spheres 
of influence The probabihties are, however, that these valence charges 
(some at least) are withm the body of the molecule and, therefore, if the 
distnbution is umfonn or othennse, closer together than could possibly be 
the case with a umform surface distribution Many charges would be 
likely to fall within the actmty spheres of othem and the molecule to exhibit 
lomc strength polyvalency For it cannot be held that valence charges 
withm a protem molecule are effectively remov ed from participation m the 
ionic emnronment of its solution, stoichiochemical behavior negates such an 
assumption The protein molecules have enormous lattice constants and 
the diffusion rate of smaller ions through the interstices of the solvated 
protein molecule is not of a diffeient ordei of magnitude than this rate 
through the medium of solution 

If the V anations in /5 aie then to be interpreted as conditioned by' a vana- 
tion m the ionic strength of ferrohemoglobm, what coefficient are we to 
set in defimng this function'? With the oidmary vmlue set for P, the 
maximimi ionic strength v alence of ferrohemoglobm is far below its stoichio- 
chemical valence at the position where the former is at a maximum One 
explanation could actually' be inherent in the Deby'e-Huckel theorv as 
elaborated The theory was not designed for unieserved application to 
solutions of dipolar ions but qualification of the theory for application to 
such solutions should be possible We mav' do this tentativ'ely and arrive 
at an explanation of the quahtativ e phenomena as observed m ferrohemo- 
globm solutions At the isoelectiic pomt, inner salt formation would be 
complete, and c in the expression foi a would be zeio (because of the 
absence of electrostatic charge on the molecule) ks the titration is earned 
awav from the isoelectric pomt, dipoles come into existence in a number 
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proportional to the evinced stoichiochemical valence, but the elements of 
these dipoles may not each evert a unit electi ostatic charge because of 
randona distnbution and neutralization due to proxirmti The effect 
ould be one of the reduction in net electrostatic charge This means that 
the discrete values of /? \\ ould be correspondingly reduced for each degree 
of connoted ionic strength valency This e'planation is out of hue with 
uhat has been obsen^ed m titrations performed on glj'cme The latter 
are represented in Table YU The mavunum value, iihich, as in the 
case of ferrohemoglobin occurs near the mid-pomt of neutralization, is 
abnormallj high for a div alent ion , at other portions of the ciin e the v alue 
15 orthodox Thus for a solution of this dipolar ion u e face a situation in 
which the explanation of the abnormally low values as observed in ferro- 


Tvblf VII 


Effect of Ionic Strength on Apparent And Dissociation Constant of Glycine {Calculated 
on Basts of Classical Theory) 


j. . Na g}yaaatc 

® glycine in/DU* {riycinaie 

pH 

pK. 

pK, 

vr 


-0 784 

S 522 

9 SOi 

9 662 

0 237 

1 49 


8 301 

9 084 

9 669 

0 384 

-0 404 

8 859 

9 2frt 


0 219 

2 40 


8 535 

8 944 

9 788 

0 352 

-0 125 

9 041 

9 166 

9 831 

0 20S 

3 19 


8 047 

S 774 


0 329 

0 125 

9 119 

S 995 

9 745 


3 73 




9 745 

0 312 

0 399 

9 210 

3 311 

9 791 

0 183 


0 785 


8 546 


0 179 

1 90 


9 136 

8 368 




hemoglobin solutions does not hold unless iie made the further qualification 
that glycine, m the v icinitv of the half neutralization point of its acidic 
gioup, exhibits more than dnalencv (bv hvdration of the carbonyl?!, a 
possibihti" which is highlv remote The results vvnth gljTine dictate 
caution in the interpretation of the absolute magnitude of ^ m dipolar ion 
solutions at the present state of knowledge That the variations m this 
value are indicative of vaiiitions in ionic strength valence can hardly he 
doubted, the question of the magnitude of the latter variations should be 
left open 

Practical Considerations from Effect on Acidity of Ferrohemogtohm of m 
Ionic Bniironment — ^The increase of aciditv' of a protein on the basic si e 
of Its isoelectuc point is an eftect qiialitativeh predictable from the Debje- 
Huckel theory This increase would be greater in degree for plasma pro 
terns than for ferrohemoglobin in which the effect is considered vnt m e 
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phjsiologic pH range, the former would be farther removed from their 
isoelectnc points HTiether the behavior of ferrohemoglobm is duplicated 
in plasma protems and whether the magmtude of salt effect is physiologi- 
cally sensible are questions nhich ment further inquiry 
From the absence of ionic strength effect of ferrohemoglobm at its 
isoelectnc pomt, its solubihtj’- at this point should be at a minimum While 
there are no data on the reduced form of the pigment, it has been obsen^ed 
during its preparation from suspensions of carbon monoxide ferrylhemoglo- 
bin that, when the latter had been n ashed free from all salt at its isoelectnc 
point, it was practicallj insoluble and barely tinged the water m which the 
cr\stals were suspended 


Tabu, VIII 


AEj/Apff Slope of Horse Fernhemoglobtn Ferrohemoglobm System (Recalculated from 

Conanl (£0)) 


Sample 

1 

pH (assumed) 

j 

pH (corrected) 

£* 

AjBo 

4pH 

A 

6 42 

6 50 

-0 123 

■H 


8 44 

8 17 

-0 221 



9 42 

9 08 

-0 244 






0 042 

B 

6 42 

6 50 

-0 116 

0 0?^^ 


8 44 

8 10 

-0 179 

0 081 


9 42 

9 00 

-0 252 





0 060 

C 

6 42 

6 50 

-0 103 

0 OlV' 


8 44 

7 96 

-0 183 

! 0 0P7 


9 42 

8 92 

-0 270 





I 

1 0 071 


The buffenng actmty of ferrohemoglobm is practically hnear and urn- 
form through its isoelectnc pomt and the effect of an increase m the ionic 
strength of its solution is to increase the buffenng power without affectmg 
the umformity of the buffer slope The increased buffer pow er of ferro- 
hemoglobm (and fernheraoglobin, which appears to have an identical 
degree of base receptivity) must be taken mto account m pH studies in 
which protem is incorporated mto non-protem buffer solutions, for, even 
though the relative molar concentration of the former appears to be shght, 
It may effect a considerable change in the final pH of the solution Thus, 
in his detennmation of the i alue n m the equation for oxidation-reduction 
potential of the fernhemoglobm-ferrobemoglobm system 

RT [femhemoglobin] / ^ 

° ’ nF [ferrohemoglobin] 
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Conant (20) took the final pH of the buffer-protein mixture to be the same 
as that of the unmixed buffer and concluded as the result of this technical 
error that the value of n was higher than it was subsequentlj'- proved bx 
others to be But the proper value of n can also be calculated from Con- 
ant’s ongmal data when the actual pH of the buffer-hemoglobin solutions 
IS detenmned bv correction for the buffer value of the protem at the lomc 
strength of the buffers emplojed "ftTien this is done (Table VIII), the 
value of n so calculated is m excellent agreement with that found by 
Hav emann and Wolff (21), Taylor and Hastings (22), as w ell as bv Barnard 
(9) It IS w orthy of note that in the last studj the evaluation of pH of the 
hemoglobm solutions w hich entered into the calculation of the value of n 
was amv^ed at directly from the BHb/Hb ratios at \ aiymg ionic strength 
as denved from the data of the present investigation The concordance 
of the V alue of n m the oxidation-reduction equation as detenmned by this 
means wath that value arnv ed at by other mv'estigators is a ngorous check 
on the accurac 5 '- of the expenmental w ork of the present paper 

SUMMARV 

The acidity, basicity, and buffer powers of fenohemoglobm are mcreased 
bj the addition of sodium chlonde or sodium bromide to its aqueous solu- 
tions The magmtude of this mcrease may be considered to be m harmony 
with the behavior of an ampholyte in the light of the Deby^e-Huckel theory 

The lomc strength valence of ferrohemoglobm is zero at its isoelecfnc 
point and nses on either side of that point to an apparent maxunum of 
about 3 on the basic side of the titration curv e 

Fiom theoretical considerations and on the basis of direct measurement, 
ferrohemoglobm is without effect on the dielectnc constant of aqueous 
solutions 

More calcium than sodium ion is bound bv fenohemoglobm at any pH 
above that of its isoelectnc point The magmtude of the difference 
betw een the tw o cations is greater than can be explained bv the Deby e- 
Huckel theory^ 

The calculated maximum ionic strength valence of ferroliemoglobin is 
much lower than its stoichiochemical valence, while that of glycine is 
higher than its known stoichiochemical v alence It is concluded that the 
Debye-Huckel theory' is not to be applied umesenedly to solutions oi 
dipolar ions 

Symbols 

[ ) = concentration on a molar basis 
Et = the characteristic v oltage of a half-cell 
^ = ionic strength, one-half of the sum of the concentrations of each of tne 
ions present times the square of itsv alence 
7 = stoichiochemical valence 
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F, = lomc strength valence 
a ■= a constant defined bj universal terms 

/5 = a senes of constants n hose value is determined by that of a and the 
stoichiochcmical valence of the ion to w hich it is applied 
i\f = Avogadro’s number 
e •= the charge upon an electron 
R — the gas constant 

pKi, pKs, = the negative logarithms of the first, second, nth dissociation 
constant of a polybasic acid or polyacidio base 
pK, = the negative logarithm of the dissociation constant of any particular 
acidic group in ferrohemoglobin which is near the point of half 
neutralization at some region of the titration range of the pigment 
Q = figure of merit of an inductance or capacitance 
R' = electrical resistance in ohms 
L = electrical inductance in henries 
C — electrical capacity in farads 
cj = frequency m ci cles per second 
X = wave-length 

D = dielectric constant (specific inductive capacity) 

T = absolute temperature 
F = Faraday’s electrochemical equivalent 

n = the number of electrons involved in the change from oxidized to re- 
duced form 
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The structural similanty of the 5-carbon ammo acids, ornithine, pro- 
hue, hydroxyprohne, and glutamic acid, has provoked much experimen- 
tation and speculation as to their possible metabolic interrelationships 
Dakin (1) showed that prohne, omithme, and glutamic acid yielded approxi- 
mately equal amounts of glucose when given to a glycosuric dog and did 
not mcrease acetoacetic acid formation when they were perfused through 
dog hvers Kapfhammer and Bischoff (2) demonstrated that the m- 
gestion of equivalent quantities of prolme and hydroxyprohne gave rise to 
the same amounts of extra glucose m the unne of phlorhizimzed dogs 
On the other hand, Edson (3) presented evidence for the ketogemc nature 
of hydroxyprohne m the presence of rat hver slices, a property not shared 
by prohne, ormthine, and glutamic acid 

The suggestion that the animal can convert glutamic acid to prohne was 
made by Abderhalden (4) after showmg that protem hydrolysates nch 
m glutamic acid but freed of prolme by alcohol extraction were nutrition- 
ally as effective as whole hydrolysates 

The conversion of prohne to glutamic acid is better established (5, 6) 
Such a conversion would necessarily be accompamed by the consumption 
of oxygen and the appearance of primary ammo mtrogen The addition 
of prohne, and to a lesser extent of hydroxyprohne, to suspensions of 
kidney and hver shces results m an mcreased oxygen uptake (7, 8) and 
ammo mtrogen formation (5, 6) Weil-Malherbe and Krebs (5) were able 
to isolate oi-ketoglutanc acid from the reaction products and Neber (6) 
obtamed glutamic acid itself Incidentally, both groups of workers ruled 
out pyrrohdonecarboxyhc acid and Neber ruled out a-ammo-5-hydroxy- 
valenc acid as mtermediates m this conversion by demonstratmg that these 
compounds failed to give glutamic acid Krebs has presented a second 
hne of evidence based on the appearance of an mcreased amount of amide 

‘This ivork was earned out with the aid of a grant from the Josiah Macy , Jr , 
Foundation 

fSubimtted by Marjorie Roloff Stetten in partial fulfilment of the requirements 
for the degree of Doetor of Philosophy in the Faculty of Pure Science, Columbia 
Umversity 

tDied, September 11, 1941 
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nitrogen when ammo acids nere added to kidney slices suspended in a 
medium contammg ammoma Of aU the ammo acids only prolme and 
hydroxyprohne behave like glutamic acid m brmgmg about this increase 
which IS ascnfaed to the formation of glutamme The fact that hydroxy- 
protae gives nse to ammo mtrogen less rapidly than does prolme suggested 
to Krebs that hydroxyprohne is not an mtermediate m the conversion of 
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Fio 1 Synthesis of prolme containing deuterium and N“ 
marked with deuterium, • indicates mtrogen marked with N'* 


•indicates hydrogen 


prolme mto glutamic acid but that perhaps a part of the hydro'^rohne is 
roetabohzed by uay of prolme 

The possibihty that prolme may be biologically convertible mto onu- 
thme IS mdicated by two hnes of evidence Ackermann (9) and Neube^ 
(10) have isolated both n-valenc and 5-ammovalenc acids from the prod- 
ucts of the bactenal catabolism of prolme I&ebs (11) has shown that 
extracts of raammahan kidney can oxidize optically abnormal prohne an 
omithme to the same keto acid, «-fceto-5-ammovalenc acid 

That the mtact animal can convert ormthme into both glutamic aci 
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and praline has been shonn, by nork previously reported from this labora- 
tory (12) When dl-omithme labeled mth deuteiium was fed to mice, 
both the glutamic acid and the prolme isolated from their bodies con- 
tained significant amounts of isotope 
To obtam further evidence respectmg the possible mterconrersions of 
these compounds di-prohne contammg and deuterium has been sjm- 
thesized by the reactions shorni m Fig 1 and the 2(— )-prohne prepared 
from it fed to rats Tuo isotope labels were used m order to be able to 
follon both the nitrogen and the carbon cham of prolme A number of 
aimno acids ivere isolated and the distnbution of isotope m vanous organs 
and excreta was studied 


EVPERlMENTAE 

Synthesis of dl-Prolinc mih DeiUenum and JV’* — Couraahc acid, pre- 
pared by heatmg mahc acid mth fuming H:S04 accordmg to von Pechmann 

(13) , was estenfied mth CHjOH and the methyl ester (I) purified by 
vacuum distillation followed by reciystalhzation from hot hgrom 

In the preparation of ammonia for the reaction with coumahc acid ester 

(14) an apparatus similar to that descnbed by Sclioenheimer and Ratner 

(15) was used In a typical run a concentrated water solution of 17 0 gm 
of NH4CI, contammg 2 41 atom per cent excess N’*, was dropped slowly 
into 75 cc of boilmg 40 per cent NaOH over a period of about 1 hour 
The ammonia was earned by a stream of nitrogen mto a suspension of 22 
gm (0 143 mole) of coumahc ester (I) m 70 cc of HjO kept cold with ice 
Any ammoma not absorbed m the reaction flask was caught m a trap 
contauimg HCl The ester gradually dissolved and the solution turned 
jellow as hydroxymcotmic acid (II) was formed The solution of the 
ammomum salt of hydrovymcotmic acid was allowed to warm up to room 
temperature and after about 1 hour was cooled with ice and then made 
alkalme with 70 cc of 40 per cent NaOH It was found that the yield 
was decreased and the product was more deeply colored if the NHi salt 
was not cooled before the addition of NaOH The alkalme solution was 
boiled for 5 mmutes and nitrogen passed through for 30 mmutes longer m 
order to collect all the hberated NH, m the HCl trap The solution was 
cooled and acidified to Congo red with concentrated HCl, the precipitate 
was filtered cold and washed ivith cold HjO The tan pow'der so obtained 
was purified by solution in dilute NaHCOj and precipitation with HCl 
The jneld was 17 7 gm (89 per cent of theory) of hydroxymcotimc acid 
(II) A senes of such runs w as made mth the NH^Cl recovered from the 
trap for each successive run 99 per cent of the N“ used could be 
accounted for m the hydroxynicotmic acid produced, m the NH4CI re- 
covered from the trap of the last run, and in the Kjeldahl digestion of the 
mother hquors 
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Dry powdered hj dro-qTiicotimc acid nas decarbovidated as descnbed 
by von Pechmann and Baltzer (16) and the a-pyndone (III) formed was 
distilled at atmospheric pressure (b p 285-290°) 141 8 gm of lijdrow- 

nicotmic acid so decarboxylated, 20 gm at a time, gave 89 3 gm (92 per 
cent of theory) of a-pyndone which was punfied bj recrjstalUzation from 
ethyl acetate The jneld of recrystaliized a-pyndone was 77 3 gm (80 per 
cent of theory), ra p 106-107° 

At this stage heavy h}drogen was mtroduced into the molecule a- 
Pyndone m glacial acetic acid was shaken at 100° with deutenum gas 
(99 6 atom per cent D) at slightly less than I atmosphere of pressure in the 
presence of platmum eatalj'st (17) in an apparatus described by Ritten- 
beig and Schoenheiraer (18) In a tj^pical run mth 26 0 gm of a-pjTidone 
m 25 cc of dry acetic acid mth 2 5 gm of platmum catalyst deutenum 
was consumed as fast as it could be generated Apparently less eatalj'st 
w'ould have sufficed Theoretical uptake of gas was obtained in about 7 
hours At the end of the reduction the platmum was filtered off, the acetic 
acid w’as evaporated, and the a-pipendone (TV) punfied by distillation at 
134° at 14 mm pressure Yield, 22 4 gm (83 per cent of theory) 
a-Piperidone was converted into dt-proline by the method of Heymons 
(19) with a few modifications (see Fig 1) The trichloro compound (10 
was formed by heatmg freshly distilled a-pipendone (IV) with 3 equivalents 
of PCIs m a drj' wiene solution The reaction nuxture w'as fractionally 
distilled at 4 to 5 mm pressure and the portion boilmg between 55° and 
110° collected Care had to be taken to keep the solutions diy during the 
reaction and distillation The dichloropipendone (IT) which was formed 
immediately on the addition of HjO was further hydrolj^zed by boiling with 
HCl to give the hjdrochlonde of a,a-dichloro-5-ammova]enc acid (ITI) 
The solution was concentrated and made just alkalme to htmus with 
NasCOs The a,a-diehloro-5-ammovalenc acid which precipitated out as 
colorless crystals w as not isolated but was directly reduced to prolme (VIII) 
by the gradual addition of 5 per cent sodium amalgam to the ice-cold, 
stirred suspension ov er a period of several hours The mixture was evapo- 
rated to dryness and the prolme, isolated by extraction mth alcohol, was 
converted to the copper salt In the best run 22 4 gm of a-pipendone gave 
11 7 gni of copper prolme dihydrate (32 per cent of theoiy) 

The combmed copper salt from several different preparations was de- 
composed with HjS and the df-prolme recrystaliized from absolute ethy 
alcohol 

C»H>OiN (116 7, corrected for isotope content) 

Calculated, N 12 0, found,’ N 11 9 
17 0 atom % O, 2 32 atom % N” _ 

’All the N analyses reported were done bj the Kieldahl method 



M. n STLTTEN AND R BCHOENHETMEE 


117 


The deutenuin content is approMjnately wlnt would be predicted on the 
assumptions that there aie 3 stable deuterium atoms in the synthetic pro- 
line, as indicated in Fig 1, and that the deutenum gas used for the re- 
duction of a-pyndone was diluted by^ completely exchangeable H from the 
carbon 1 group of the acetic acid solvent and the ==N — H group of the 
tt-pjTidone “ 

Preparation of l(~)-Prohnc — ^Probne of the natural optical configura- 
tion was obtained from the S3'nthetic dl-prohne by enzjTnatic oxidation of 
the unnatural isomer to a-keto-5-ammo\alenc acid bv the method of ICrebs 
(11) It was found con\ enient to cairj' out the resolution m 1 gm batches 
because of the limitations of size of available apparatus and because in- 
creasing the concentration of the substiate resulted m less complete oxida- 
tion of the d(-}-)-prolme 1 gm of d/-prolme in a pyrophosphate buffer 
solution at pH 8 6 w as shaken at 39° in an atmosphere of oxygen with a 
d ammo acid oxidase solution prepared from dried kidney powder The 
total volume of 220 cc was con tamed m a 500 cc round bottom flask 
Oxjgen was admitted contmuallj' at slightly more than atmosphenc pres- 
sure and the oxygen uptake loughly measured After 2 hours neariy the 
theoretical amount of oxygen wms taken up and the process w'as discon- 
tmued after 3 hours Protem was removed from the resultmg solution by 
means of tnchloroacetic acid and the keto acid precipitated as the 2,4- 
dmitrophenylhydrazone Yields of the hydrazone vaiymg between 60 and 
95 per cent of theorj^ w'cre obtained After the hj'drizone was filtered off, 
the solution was extracted three times wath ether to remove trichloro- 
acetic acid and any excess 2,4-dmitrophenylhydrazme, treated with char- 
coal, and the colorless filtrate concentrated Piolme wms precipitated as 
the rhodamlate (20) and the free ammo acid, still optically impure, was 
isolated and recrystalhzed fiom ethyl alcohol Variation m yield (78 to 
90 per cent) and rotation (Wo = —48° to -82°), observed m spite of 
attempts to keep conditions as nearly constant as possible, were ascribed 
to 'vanations m the actnuty of th6 enzyme preparations used 

The mixtures of I- and df-prolme obtamed fiom such enzymatic pro- 
cedures were combmed and converted to the piciates Optically pure 
^prolme picrate was obtamed by fractional crystallization, advantage be- 
ing taken of the greater solubihty of dl-prolme picrate m water, m p 
149-150°, [orJo^ = —209° (1 5 per cent m water) 

*0 274 mole of o-pyndone requires I I gni atom of H 0 43 mole of acetio acid w as 
used and the DzO used for the generation of Djuas stated to contain 99 6 atom per 
cent D 

17+ 0^3 + 0 27 X 99 6 = 61 atom % D in gas phase during reduoUon 

g 

g X 61 = 20 3 atom % D expected in proline 
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When 5 56 gin of f-proliue picrate were decomposed with aniline by the 
method of Cox and King (21), 1 74 gm (94 per cent of theory) of l{-)- 
prohne were obtained 

CtHjOjN (116 7, corrected for isotope content) 

Calculated, N 12 0, found, N 11 9 
[alo = —82 3°, 17 S atom % D, 2 32 atom % N“ 

In order to determine whether the C-bound deutenum of proline is stable 
under the conditions of acid hydrolysis, a sample of df-prohne containing 
17 0 atom per cent D was boded with 20 per cent HCl for 72 hours The 
prohne isolated from this solution w'as found to contain 16 2 atom per 
cent D Thus even under these relatively drastic conditions exchange, if 
there is any, is verj slow This finding is m agreement inth the obsena- 
tion that only traces of deuterium were mtroduced mto the molecule when 
ordmary prolme was boiled with HCl and heavy water (22) The bio- 
chemical stabiht 3 of the D on prolme was mdicated by the unchanged D 
content after treatment with the kidney pow'der extract used in the prepara- 
tion of l ( — )-prohne 

Feeding Expenmenl — Tiiiee adult male rats having a total combined 
weight of 890 gm weie kept on a stock diet consisting of 15 per cent 
casein, 68 per cent coin-starch, 5 per cent yeast, 4 per cent salt rauxture 
(23), 2 per cent cod luer oil, and 6 pei cent of refined cottonseed oil (Wes- 
son oil) for a prehminarv period of 7 days during which time the weights of 
the animals remained constant to wntfain 3 per cent Isotopic f-proline 
(2 32 atom per cent N'® 17 8 atom per cent deuterium) was then added to 
the stock diet foi the next 3 days The rats completely consumed 135 gm 
of diet containing 1 575 gm of isotopic Z-prolme (1 5 mx! per rat per day) 
and mamtamed constant weight The mine and feces w'ere collected dur- 
ing the 3 days At the end of the 3id day the rats were killed by heart 
puncture under ethei anesthesia and the blood collected in oxalate The 
contents of the intestinal tracts weie combined with the feces, and the 
vaiious organs w ere w orked up sepaiatelj' Small samples of muscle, aha\ ed 
skm, and bone marrow were taken from each animal for investigation of 
then proteins (Table III) A sample of the body w'ater distilled from the 
livers was found to contain 0 011 atom per cent deuterium 

Excreta — The combined urine fiom the three rats was collected dailv and 
analyzed for total N and isotope NHj was determmed and isolated bj 
aeration from K.COj (24) and urea by isolation as the dixanthydryl deriva- 
tive (25) of which a lecijstallized sample was used for isotope analysis 
The combmed feces foi all 3 dajs weie digested and samples analjzed for 
total N and N'-’ The lesults obtained are shown m Table ^ 

Bfood— The pooled Iilood, collected m oxalate, was centrifuged, the 
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plasma pipeUed off, and the cells washed with isotonic saline solution and 
hemo^zed mth nater Hemin nas isolated fiom an acetic acid-NaCl 
solution by the method of Moemer (26) Tlie plasma protems, precipi- 
tated by 6 per cent trichloroacetic acid, nerc hydrolyzed by boiling for 


Table 1 


PartUion and Isotope Dtstnbnlion of Excretory Nitrogen 


The isotope eoncentration m e\ccs3 of the natural abundance is expressed as A, 
the analytical value, and JS, the value calculated on the basis of 100 atom per cent 
N'‘ in the compound fed 


of j 

experunent j 

Source of N 

Total M 

M) 

concentration 

(B) concentration 
calculated* 

1st 

Total urine 

m 

0 S74 

atom f’cr cent 

0 C61 

atom per cent 

2 6 


Urea 

0 703 

0 063 

2 7 


XH, 1 

0 141 

0 061 

2 6 

2od j 

Total urine 1 

0 SIO 

0 073 

3 1 


Urea 1 

0 610 

0 072 

3 1 


XH, 

0 142 

0 074 

3 2 

3rd 

Total urine 

0 820 

0 076 

3 3 


Urea 

0 630 

0 074 

3 2 

i 

XH, j 

0 132 

0 001 

3 D 


Feces 

0 545 

0 024 

1 0 


*K“ atom % calculated 


atom % in sample analyzed ^ 
N'*atom %jn proline fed (i e 2 32) 


Table II 


Distribution of Isotopic Nitrogen in Blood 



Total N 

M) 

corccnlration j 

(B) N'* 

concentration 

calculated 


rm j 

atom per cent ^ 

atom per cent 

Blood whole 

1 032 

0 016 

0 7 

TthoJe 

0 173 

0 051 

2 2 

“ non-protem X 

0 009 

0 053 

2 3 

“ proteins 

0 147 

0 055 

2 4 

Erythrocytes j 

0 729 

0 007 

0 3 

Hcmin 1 


0 012 

0 5 


24 horns with 20 per cent HCl Samples of whole blood, plasma, hemo- 
lyzed cells, hemm, hydioljzed plasma proteins, and plasma non-protem 
nitrogen were taken for anal}'sis The results are shomi in Table II 
Carcass — -After the lemoval of the organs and samples of skin, muscle, 
nnd bone marrow, the lemammg bodies of the three rats ivere combined. 
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mmced, and extracted several times mth 6 per cent trichloroacetic acid to 
separate the protein from the non-protein nitrogen The insoluble part 
nas hydrolyzed by refluxmg 24 hours in 20 per cent HCl and the humm 
removed by filtermg the chilled solution Samples of this protem hydrol- 
ysate and the non-pioteiii N solution vere taken for analysis The re- 
sults appear m Table III The hydrolysate was decolorized with charcoal 
and used for isolation of “carcass” ammo acids 

The samples of bone marrov taken from the femurs of each of the rats 
were pooled and hydrolyzed directly The pooled skin samples were ex- 
tracted with 6 pel cent trichloroacetic acid and the msoluble part hydro- 
lyzed with HCI The muscle samples were treated m the same nay as the 


Table III 

Dtslnbulwn of Total and holopic N in Carcass and Organs 


1 

Total N 

(A) N» 
coQCCQtratton 

(B) 

concentration 

calculated 

1 


im 

ohm per cent 

atom Per cent 

Carcass 

Non-protem N 

4 70 

0 010 

0 4 


Total proteins 

20 31 

0 010 

0 4 


Muscle “ 


0 010 

0 4 


Skm proteins 

1 


0 9 


Bone marrow 

1 


2 2 

Organs 

Non-protein N 

0 454 


1 2 


Total proteins 

1 684 


1 5 


Liver “ 

0 793 


1 8 


Gastrointestinal tract proteins 

0 362 


1 3 


ICidnej proteins 

0 139 


1 3 


Spleen “ 

0 083 


1 1 


Lung proteins 

0 131 


I I 


Testes proteins 

0 090 


0 9 


Heart “ 

0 085 

0 013 1 

0 6 


skin, samples of the bone marrow, skm, and muscle protein hydrolysates 
were analyzed for N’® (Table III) 

Organs — ^The hvei-s, washed gastrointestinal tracts, kidneys, spleens, 
testes, hearts, and lungs weie mmced, extracted with 6 per cent tnchl^- 
acetic acid, and tieated for 24 hours ivith boilmg 20 per cent HCl 6 
trichloroacetic acid extracts were combined and analyzed as non-protein 
N of the organs Samples of the protem hj'drolysates of the organs were 
analyzed separately for total N and The organ hydrolysates were 

then combmed for ammo acid isolations and a sample of the combine pro 
tern hydrolysates was aiiah zed for total N and N*® The results are s own 

m Table III f„rthpr 

The combmed liven, after tnchloroacetic acid extraction were lurmer 
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extracted r\ith an alcohol-ether mixture to obtain a sample of liver fat 
The fatty acids isolated from this fat contained 0 014 atom per cent deu- 
terium excess 

GI 3 cogen was precipitated from the combmed tnchloroacetic acid ex- 
tracts of the organs by the addition of an equal volume of 95 per cent etha- 

Table IV 

ConccntraUon of hotopes in Ammo Acids Isolated after Feeding Isotopic l(—)-Prolme 


The isotope concentration in excess of the natural abundance is expressed as A, 
the analHical value, and B, the value calculated on the basis of 100 atom per cent 
and D in the compound fed 



M) 

concentratton 

(B) N»» 
concentration 
calcnlatcd 

: concentration 

1 (B)D 

conceatration 
calculated 


ciom Per cent 

[ atom per cent 

1 atom per cent 

atom per cent 

J(— )-Proline fed 

2 32 

100 

wSEm 

100 

Bod} water 



ieeh 

0 06 

From proteins of earcass 





Cjstme 

0 OOS 

0 34 



Tv rosine 

0 008 

1 0 34 

0 002 

0 01 

Glutamic acid 

0 012 

0 52 

0 014 

0 OS 

Aspartic “ 

i 0 009 

0 39 

1 


Argtmne 

i 0 008 

i 0 34 

0 017 

0 10 

Amidine N 

0 008 

0 34 



Ormthine 

0 008 

0 34 

0 020t 

0 11 

o-Amino N 

0 004 

0 17 



Prohne 

0 078 

3 36 

0 600 

3 37 

H> droxyprohne 

0 019 

0 82 

0 103* 

0 58 

“Amide N” 

0 011 

0 47 



From proteins of organs 





Glutamic acid 

0 037 

1 60 

0 046 

0 26 

Aspartic “ 

0 028 

1 21 

0 006 1 

0 03 

Argimne 

0 022 

0 95 ! 

0 075 i 

0 42 

Amidine N 

0 024 

1 03 



Ormthine 

0 019 

0 82 

0 088t 

0 49 

flt-Amino N 

0 013 

0 56 



t-Aomno “ 

0 015 

0 65 



Prohne 

0 362 1 

15 6 1 

3 09* 

17 4 

“Amide N” 

0 018 

0 78 

1 




* These samples were diluted with non-isotopic material prior to combustion for 
deuterium analyses 

t Calculated from the deuterium concentration of the arginine 


nol (27) The precipitate was centrifuged off, washed with alcohol and 
ether, thoroughly dried, and analyzed for deuterium The organ glj'cogen 
vas found to contain 0 020 atom per cent deutenum 

Amino Acids of "Carcass" — A number of ammo acids were isolated 
the "carcass ’ and organ proteins Their isotopic composition is reported 
in Table TV 
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Cyshne and Tyi osine — ^The decolonzed hj drolj sates of the carcass pro- 
tein n ere concentrated to a small \ olume tn vacuo to remove excess HCl 
and the pH adjusted to 5 to 6 b}^ the addition of Ba(0H)2 After the solu- 
tion had stood for several days in the refrigerator, the tjTosme-cystine 
fi action was filtered off The cjstme was extracted mth xerj’’ dilute 
XH40H at room temperature, crystallized from hot HoO solution by ad- 
justing the pH to 4 5, and punfied by isoelectnc precipitation 

Calculated, K 11 7, S 20 7, found, N 11 5, S 26 6 

The tjTXisme m the undissolved residue was freed of cystine bj dissoh- 
ing it in 5 per cent NaCN and reprecipitating at pH 6, it was then recrj's- 
tallized from hot x\ater 

Calculated, N 7 7, found, N 7 6 

“Amide” Nitiogen — The remammg hydrohsate was made alkaline to 
phenolphthalem with Ba(OH)2, the NH3 was aspirated mto dilute H-SO4 
bx nitrogen and analyzed for isotope content 

Dicarhoxyhc Ammo Acids — The banum salts of glutamic and aspaitic 
acids weie piecipitated by the addition of 5 xoiumes of alcohol, dissobed 
in water, and leprecipitated from water with alcohol, the barium was re- 
moved and glutamic acid hv drochloride isolated and recrj stallized fiora 
HCl 

Calculated, X 7 6, found, \ 7 5 

Aspaitic acid was isolated from the mother liquor as the copper salt and 
recrj stallized from hot water 

Calculated, X 7 2 found X 6 D 

Aigtninc — After the lemoval of barium fioni the remaining hjdroljsate 
aiginine was precipitated as the flavianate (28), lecrj stallized, and con- 
verted into the monohjdiochlonde for analj'sis 

Calculated, X 26 6, found, X 26 6 

In ordei to determme how the isotopic X was distributed among the 4 
X atoms of arginine a sample of arginine was converted to the a-tolu- 
enesulfonyl denvative (29) and the aniidme group spht off by boiluig with 
Ba(OH)- (30) The XHs was collected and a-toluenesulfonj 1 ornithine 
Isolated and recrv'stalhzed fiom dilute alcohol, mp 208-209 

Calculated, X 9 S, found, X 9 7 

Isotope analyses were obtained both on the XHj and on the a-toluene- 
sulfonvl ornithine In a tnal it was found possible quantitatively to re- 
move one-half of the X of a-toluenesulfonj 1 oinithme by the Van Shke 
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ammo nitrogen method m 4 hour This was the 6-ammo nitrogen, as the 
a-ammo group w as blocked In order to separate the N of the 5- from that 
of the a-ammo group, a solution of 41 mg of a-toluenesulfonyl ormthme m 
acetic acid was shaken w itli 10 cc of 30 per cent Ba(N'0.)- for 2 hours After 
the iemo\al of barium with a slight excess of sulfuric acid the solution was 
e\aporated in vacuo with the repeated addition of C2H6OH to remo\e the 
nitious acid The residue was analyzed by the Kjeldahl method, and the 
resulting 1 3 mg of a-ammo N subjected to isotope anabasis 
Prohne and Hydroxyprohne — ^After the removal of arginme flavianate the 
filtrate was freed of flavianic acid b3 the addition of Ba(OH)2 The ex- 
cess baiium was remoi ed wath sulfurie acid and the solution made stiongh 
acid wath HCl and evaporated to a small volume Prolme was precipi- 
tated as the rhodanilate (20), regenerated wath p3'ridine, and recr3's talk zed 
from absolute eth3d alcohol 

Calculated, X 12 2, found, X 12 0 

After the removal of prohne rhodanilate, h3 droxyprolme was precipi- 
tated as the remeckate (20) which was decomposed wath p3Tidme The 
ht droxyprohne, which formed colorless crystalhne plates after it had stood 
m the refngerator for several weeks, was purified by washing with cold 
absolute methanol, dissohmg in a small amount of watei, filteiing, and 
reprecipitatmg wath methanol 

Calculated, X 10 7, found, N 10 6, 0 022 atom % X** 

Since the hydrox3'prohne was isolated by means of a reagent which also 
piecipitates prolme and the prolme obtamed from the carcass contained 
a relative^ high concentration of isotope (0 078 atom per cent N*®), it was 
necessarx to carrj’’ out a “washmg out” procedure m order to be sure that 
the isotope was actually in the h3 droxyprolme and not all m contammatmg 
prolme To 163 mg of h3 droxj prohne isolated from the carcass 18 mg 
of non-isotopic f-prolme w ere added to dilute any isotopic prohne that con- 
tammated the h3 droxjTirolme from the animals The mixture was dis- 
soh ed m a few drops of w atei and h3’'droxyprolme w as precipitated from the 
mixture bx means of methanol The first crop, 141 mg , w'as used for the 
analyses 

Calculated, X 10 7, found, X JO 7, 0 019 atom % X*' 

Thiee more crops of hj^droxj piolme, haxnng a total weight of 19 mg , weie 
removed by ex aporating the solution to a small volume and addmg meth- 
anol After a total of 160 mg had been remoxmd, prolme was precipitated 
fiom an ethanol solution of the evaporated mother hquor bv the addition 
of a saturated solution of CdCb m 95 per cent ethanol (31) 29 mg of 

CdCh prolme double salt weie obtamed 


Calculated, X 4 7, found, X 4 7, 0 OIS atom % X" 
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From these figures it can be calculated that the original sample of In- 
dro\j*prohne isolated from the cainass had been contaminated bj 3 to 5 
per cent proline Since the proline present as a contanimant after the 
Mashmg out had the same X” concentration as the hj dro'cj'prolme, the 
\ alue of 0 019 atom per cent X*’ maj be taken as the true isotope concen- 
tration of the carcass hj droxyprohne 
Ammo Acids of Organs — ^The folloiimg ammo acids ivere isolated fioni 
the combmed organ protein h^ drob sates bi the methods used for the car- 
cass glutamic acid hj drochlonde (calculated, X 7 6, found, X 7 6), copper 
aspartate (calculated, X 7 2, found, X C 9), argmme hj drochlonde (calcu- 
lated, X 26 6, found, X 26 3), prohne (calculated, X 12 2, foimd, X 12 0) 
The isotope anab ses of these compounds are found on Table TV 
Arginine — In order to stud> the distribution of X*® among the X atoms 
of the organ ai'gmme a 20 mg sample of arginine hj drochlonde iias re- 
fluxed Math a solution of Ba(OH). for 30 hours and the XHj hberated from 
the amidme group nas suept out b\ means of a stream of Xa gas into 
H->S 04 2 44 mg of X m ere obtained from the amidme group (2 66 mg , 

theorjO Banum m as remoi ed from the remammg omithme solution \\ Inch 
Mas found to contam 2 61 mg of X (2 66 mg , theorj ) and the tiio samples 
Meie anahzed for X‘® (Table R') 

The «il\ er oxide oxidation method of Herbst and Clarke (32) Mas used to 
obtam separate samples of X from the a- and 5-XHj groups of the oigan 
omithme These authora found that /9-aminopropionic acid Mas not oxi- 
dized bj' AgjO under conditions nhich brought about oxidation of a-amino 
acids, and concluded that only the a-amino groups responded to this treat- 
ment 

In a tiial run Muth authentic omithme dihidrochlonde (== 5 mg of X) 
the X Mas diiided into two approximately equal fractions bj this method 
The XHs fraction ( — 2 58 mg of X) was isolated from the \ olatile portion 
bj the method of tVefaer and Wilson for separatmg XHa from ammes (33), 
and presumabh came from the a-aiiuno group From the residues 1 So 
mg of non-ammoniacal X Mas recoiered and Mas assumed to have arisen 
from the 5-ammo group of the oraitliine 
A sample (approximateb S mg of X) of argmme monoh} drochlonde 
isolated from the organs mbs boiled mth Ba(OH)j solution for se\eral dajs 
until 98 per cent of the theoretical amount of X in the aimdme group mbs 
reco\ ered as XHs After excess banum M-as removed as the carbonate, the 
omithme m solution m as oxidized Muth AgiO 1 07 mg of XHi-X and 
1 11 mg of residue X Mere obtamed The X'^ analyses of these fractions 
are reported m Table 11^ as a-anuno X and 5-aniino N respectively 

niscossioN 

Absorption from Gaslrotnieshnal Traci — Less than 3 per cent of the iso- 
topic nitrogen fed m as recoi ered m the feces (Table V) , at least 97 per cent 
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of the prohRe of the diet must bare been absoibed across the wall of the 
gastiomtestinal tract 

Urine — ^Nearly 40 per cent of the N’* fed as prohne Avas recoAeied in 
the urine The concentration of isotope aa as of the same order of magni- 
tude m the urea as m the NH3 isolated from the unne HoAvever, far the 
greater quantity of N'® aa as present m urea, as the urme contained about 5 
times as much urea as NHa nitrogen (Table I) As almost all of the 
isotope m the urme could be accounted for m the urea and the NH3, no 
other compound nch m isotope can haA'e been present m large amount 
Distnbuhon of Isotopic Nitrogen in Carcass and Organs — ^The nitrogen 
of the prolme that aa as absorbed Avas found to be distributed throughout the 
body m the protem and non-protem mtrogen fractions of the vanous tissues 
and organs (Table III) The anatomical distnbution of the mtrogen of 
the secondary ammo acid, Z(— )-prohne, Aias m a general Avay similar to 

Table V 

Balance of Nitrogen Isotope after Feeding Isotopic l{—)-PToltne 
The values are calculated from the total nitrogen of the fractions and their iso- 
tope concentrations 



Fraction of administered 
jjii recovered 

1 

Feces 

per cent 

2 6 

Unne 

39 7 

Non-protem nitrogen 

12 7 

Protem mtrogen 

59 8 

Total isotope recovered 

114 8 


that found after the feedmg of the primary ammo acid, l(—)-leucme (34) 
The hvers, gastromtestinal tracts, and kidneys contamed a higher concen- 
tration of isotopic mtrogen than did the other organs mvestigated, an mdi- 
cation of the more rapid uptake of prohne m these organs The concentra- 
tion of isotope found m the protems of any organ after the admmistration 
of an isotopic ammo acid avuU depend not only upon the rate of protem 
turnover but also upon the quantity of that ammo acid normally present 
m the protems of the organ under mi'estigation The concentration of iso- 
topic mtrogen m the protems of the skm is higher than Avould have been 
expected on the basis of experiments Avath other isotopic ammo acids (34, 
35) This may be due m part to the high concentration of prolme m con- 
nective tissue, as is evidenced by its high concentration m gelatm (36) 
and elastm (37) 

The bone marroAv contamed a A'Crj' high concentration of N*® There 
are no available figures from other isotopic ammo acid feedmgs AAath Aihich 





120 


AIET\BOLTS'\I OF PROLINE 


to compare this finding It is at least m part a reflection of the rapid cellu- 
lar proliferation of bone mariow 

Blood and Hemin — ^The pioteins of the plasma Mere found to be ncher 
in isotope than those of an} other tissue analj’^zed, as u as also the case ivhen 
isotopic glycine, Z( - )-leucine, and d(-|-)-leucme m ere fed (38) The eryth- 
rocytes had a loiv concentration of isotope 

The nature of the staiting materials from uhich animals synthesize the 
pi rrole nngs of heniatoporphyrins has long been a subject of speculation 
The possibiht}' that the amino acids prolme, hj^droxyprohne, glutamic 
acid, and pjTrolidonecarbo\i he acid are mvolved in such a sjmthesis has, 
on the basis of their stiuctuial similarity to pyrrole, been suggested by 
Abderhalden (39) and b\ Lusk (40) With the object of sheddmg some 
light on this question, hemm uas isolated from the blood of the animals 
fed isotopic 1(— )-prolme Howeier, m view of the slow rate of synthesis 
of hemoglobin, the short duration of the feeding experiment, and the Iom 
isotope concentration of the f(~)-proline fed, no clear conclusions can be 
drav n as to the idle of prolme in porphyrin sjm thesis The hemm isolated 
after ((— )-leucme had been fed contamed a lower percentage (0 14) of the 
labeled nitrogen than did the led blood cells (0 29), whereas after 1(— )-pro- 
line had been fed for the same length of time the hemm contamed a 
higher percentage (0 52) than the whole red cells (0 30) About the same 
concentration of was found aftei a 3 day admmistration of isotopic 
l(~)'Prolme as after 9 da}"? of a diet contammg isotopic ammonia (41) 
These results leave open the po«sibihty that the pyrrole nucleus of por- 
phyrins can be derived intact from prolme 

Replacement of Tissue Prolme by Dietary Prolme — If the prolme content 
of casern is taken as 8 per cent (42), the 135 gm of diet which contained 
15 per cent of casern had an approximate total of 1 6 gm of non-isotopic 
prolme If the small amount of prolme contnbuted by the 5 per cent of 
yeast be neglected, it can be estimated that the rats consumed approximate!} 

1 6 gm of non-isotopic prolme in addition to the 1 575 gm of isotopic 
prolme (2 32 atom per cent excess) during the 3 day experiment The 
ar erage N'® content of the prolme of the diet w as therefore 2 32 X 1 6/3 2 = 

1 2 atom per cent excess Since the prolme isolated from the carcass con- 
tamed 0 078 atom per cent X‘®, at least (0 078 X 100)/1 2 = 7 per cent of nil 
the prolme present in the caicass protem was leplaced b} dietary prolme 
in 3 da} s It can similarl} be computed that at least 30 per cent of the 
prolme of the organs was replaced by prolme from the diet in 3 da}3 
Smee the total amount of pioline m the diet is well within the normal 
range and the weights of the animals remamed approximate!} constant 
throughout the feeding expeument, these figures may be taken as a measure 
of the immmum rates ot normal replacement of tissue prolme b} dietar} 

prolme 
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The use of both D and N'® as markers of the same ammo acid molecule 
makes it possible to follo^^ the metabolic late oi the carbon chain and of 
the ammo group separately (34) Aftei the administration of doubly 
marked /(— )-)eucme, the leucine isolated fiom the pioteins of the rats con- 
tamed both isotopes, but m gieatly alteied ratio, indicating that leucine was 
rapidK^ deaminated and ammated (34) When isotopic f(+)-lvsine was 
fed, the ratio of the isotope concentrations of the Ivsme isolated was the 
same as in the compound fed, showing that none of the X of the a-NHn 
group had been replaced by nitrogen from othei sources (43) In the pies- 
ent case also both isotopes were found m the piolme isolated The iso- 
tope ratio (N’* D) in the prolme fed was 2 32 17 8 = 0 13, m the prolme 
isolated from the caicass, 0 078 0 600 = 0 13, and m the prolme isolated 
from the organs, 0 362 3 09 = 0 12 Analytically these findings resemble 
the results wath Ij’sme rather than wath leucme The mterpretation, how- 
ever, IS somew'hat different Unlike both Ij'sine and leucme, prolme is 
dispensible and can be synthesized from ornithine (12) and probably from 
other metabolites Smce the secondary ammo acid prolme cannot lose 
X'® by"^ N transfer reactions without prior img opening, a change of isotope 
ratio (X'^ D) could occur only as a result of extensive prolme synthesis 
from compounds richer m one isotope than m the other The actual find- 
ing of a ratio of isotopes approximately the same m the prolme isolated as 
m that fed indicates that the prolme synthesized was formed either from 
compounds of such low isotope content as to have little effect on the ratio 
or from metabolic derivatives of prolme wath roughly the same or com- 
pensating ratios of X“ D 

Conversion of Prolme toHydroxyproline — The hydroxyprohne isolated from 
the protem of the carcass contamed a relatively high concentration of both 
X“ and D (Table IV), provmg that part of the prolme was converted to 
hydroxyprolme tn vivo Except for prolme, the hydroxyprolme was richer 
in isotope than was any other carcass ammo acid isolated From a com- 
parison of the respective isotope ratios (N'^ D) of the hydroxyprolme (0 18) 
and the prolme (0 13) it appears that the con\ ersion of prolme to hydroxy- 
prolme occurred wath the loss or labihzation of less than one-half of the 
carbon-bound hydrogen If it is assumed that the hydroxyprolme was 
foimed from prolme which had the same isotope content as that isolated 
from the carcass, the X'® figures would mdicate that about one-quarter of 
the carcass hydroxyprolme had been so produced duimg the 3 days of the 
feedmg expenment 

Convei Sion of Pi ohne to Glutamic Acid — Glutamic acid is knowoi to dern e 
its N from many sources (34, 44, 41, 45) and the finding of m glutamic 
acid after admmistration of the isotopic prolme would not alone furnish 
conclusive proof of the conversion of the carbon skeleton of prolme mto 
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glutamic acid The findmg that glutamic acid, m spite of its reactmt) 
and abundance m tissue protems, contained appreciable amounts of D 
pro\ es that the carbon skeleton of part of the glutamic acid "was m fact 
derived from prohne — a reaction previously demonstrated for tissue shces 
(5, 6) Of the 6 H atoms labeled inth D m the prohne fed, only 2 remam 
stable m the glutanuc acid formed, those on the ^-carbon atom (46) The 
extent of conversion is therefore greater than is mdicated by a duect com- 
parison of the D concentration of the organ glutamic acid mth that of the 
organ prohne 

Transamination m the usual sense (47) cannot occur vath the secondary 
ammo N of prohne However, once the prohne rmg has oxidatively 
opened, the IS! of the resulting glutamic acid can enter into nitrogen trans- 
fer reactions The findmg of small but significant amounts of N*® m cys- 
tme, tyrosme, and aspartic acid can be thus explamed 

Conversion of Prohne into Arginine — ^That the carbon skeleton of prohne 
IS m part converted mto arginine m vivo is showm by the significant con- 
centration of D found m the argmme isolated from the organ protems 
It has previously been shown that when deuterio omithme was fed to mice 
the prohne isolated from the protems of their bodies contamed appreciable 
amounts of deutenum (12) These two findmgs considered together show 
that prohne and omithme are mutually interconvertible m the animal 
The fact that prohne can serve as a precursor of argmme explains the def- 
inite though limited ability of the rat to synthesize argmme (48) 

The organ argmme isolated contamed, m addition to D, significant 
amounts of A portion of the N*® was found m the amidine group, as 
was the case when isotopic NHj (41), tyrosme (44), and Z(— )-leucme (34) 
were fed, and was presumablj mtroduced durmg the process of urea synthe- 
sis Significant amounts of the N*' of the prolme fed were found m both 
the a- and 6-aiiuno groups of the omithme derived from the argmme If 
the concentration of deuterium m the omithme is taken as a measure of 
the quantity of omithme derived from prohne, the expected concentration 
of N*'’ m that nitrogen atom arismg directly from prolme would be about 
0 014 atom per cent As the isotopic values for the N m both the a and 

5 positions of the omithme are of this order of magmtude, they give no 
clue as to the side of the rmg N on w'hich the cleavage actually occurs 

The reasons for the selection of the pathway from prolme to omithme 
mdicated m Fig 2 are first, that ammation m the a position is a well recog- 
nized biological process, whereas mtroduction of an ammo group m the 

6 position IS not, and second^ , the compound (c), a-keto-S-ammovalenc 
acid, has been shown by Krebs to be the product of the action of d-amno 
acid oxidase of kidney on both d(-l-)-prohne and df- )-omithme The 
isotope found m the a-nitrogen of ormthme has, in this scheme, an ongm 
similar to that m the a position of aspartic acid, tyrosme, and cystine 
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Metabolic Relationships of Prohne, Hydroxyproline, Ornithine, and Glu- 
tamic Acid — In considering the relationships between the 5-carbon amino 
acids, the following observations must be taken mto account (1) When 
prohne containing N“ and D was fed, both isotopes were found m the 
omithme, glutamic acid, and hydroxyproline isolated from the animals 
was found m the 5- as well as the a-amino group of omithme (2) When 



PROLINE HYDROXYPROLINE 



ORNITHINE GLUTAMIC ACID 


Fiq 2 Metabolic interrelationships of prohne, hydroxyproline, glutamic acid, 
and ormthine The over-all conversions indicated have been found to occur in the 
intact ammal There is as yet no convincing evidence for the in vtvo conversion of 
hydroxyproline and glutamic acid into prohne Hypothetical intermediates are 
enclosed in brackets 


deuterio omithme was fed, prohne and glutamic acid isolated contamed 
D (12) (3) Pyrrobdonecarboxyhc acid (5, 6) and fi-hydrox3 -n-ammo- 

1 aleric acid (6) have on other grounds been ehmmated as probable mter- 
mediates m the conversion of prohne to glutamic acid The scheme of 
possible mtermediates m the mterconversions proposed m Fig 2 accounts 
for the experimental findings If the first step m the oxidation of prolme 
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■were a dehydrogenation similar to that generally held to occur in the case 
of the primary ammo acids (49), a pjTrolmecarboxyhc acid, -which could 
exist m tautomeric forms, would be the product Hy drolysis and oxidation 
of (6) would result m the formation of glutamic acid, hydroly'sis of (a) 
would result m the production of a-keto-5-ammo\alenc acid (c) which could 
undeigo reducti\ e animation to ormthme The 5-ammo group would thus 
be denved directly^ from prohne and the a-ammo group from the bodi 
pool of nitrogen The formation of the mtermediates (a), (6), (c) would 
also gue a plausible route for the coniersion of owitbine into glutamic 
acid and prohne 


SUMMABli 

1 Prohne was so symthesized that the carbon skeleton was marked by 
stably bound deuterium and the ammo group by The optically natu- 
ral component, 1(— )-prohne, was prepared from the racemic compound 
by the use of d-amino acid oxidase 

2 Isotopic If—l-prolme was added to the normal stock diet of three 
adult rats for 3 days and was well absorbed Xearly 40 per cent of the 
isotopic N w as recovered m the unnary' urea and XHj The remamder w as 
distributed in the protem and non-protem nitrogen fractions of the organs 
and tissues The highest concentration of X’* was found m the plasma 
proteins and bone marrow , the next highest m the proteins of the h\ er and 
the other mtemal organs, while the concentration in the muscle was rela- 
tively’' low 

3 Tile isotope concentration of the prohne isolated mdicated that at 
least 30 per cent of the prolme of the protems of the mtemal organs and 
7 per cent of the prohne of the “carcass” proteins was replaced by dietary 
prohne m 3 days The ratio of isotopes (X’‘ D) was approximately the 
same in the prohne isolated as m that fed 

4 Tile in viio oxidation of prolme to glutamic acid was shown by the 
finding of deuterium as weU as X'* m the glutamic acid isolated 

5 The findin g of deuterium m the ornithine isolated proves that a por- 
tion of the omithme was de^^ed from prohne X’“ was found not only 
m the amidme group of argmme isolated but also m both the a- and 5- 
ainmo groups of the omithme prepared fiom this argimne 

6 From the isotope concentration of the hy droxyprohne isolated from 
the protems ol the carcass it w as estimated that about one-quarter of this 
ammo acid had arisen by the oxidation of piolme m 3 days 

7 Small but significant amounts of isotopic nitrogen were found in other 
ammo acids isolated from the protems 

8 A scheme of possible reactions m the biological mtercomersions o 
prolme, hydroxyprolme, ormthme, and glutamic acid is presented 
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A MICROTITRATION METHOD FOR THE DETERMINATION OF 
SMALL AMOLDsTS OF CITRIC ACID 

GEORGE W PUCKER 

(From the Biochemical Laboratory of the Connecticut Agricultural Experiment Station, 

Veto Haven) 

(Received for publication, January 13, 1944) 

IITien citnc acid is oxidized at loom temperature mth potassium per- 
manganate m the presence of potassium bromide, pentabromoacetone is 
formed Accordmg to the colorimetric method of Pucher, Sherman, and 
1 ickery (1) to determme citric acid, the pentabromoacetone is extracted 
nith petroleum ether and treated with sodium sulfide, uherebj a 5ellow 
color, proportional m intensitj to the citnc acid oiigmally present, is pro- 
duced m the aqueous phase Experience mth this method has brought cer- 
tam disadvantages to hght It has been found that readmgs must 
mvanably be made inthout delaj and, m addition, occasional lots of 
petroleum ether have been encountered which do not give the same ratio be- 
tneen the extmction coefficient observed and the quantitj of citric acid 
taken as was found with the solvent used m the ongmal mvestigation 
Accordmgly a calibration curve must be constructed for each lot of ether 
Attention was drawn to this pomt m the earher paper 
Recently it has not been possible to obtam petroleum ether sunilar to 
that previously employed Data are shown m Table I that illustrate the 
difference m the ratio for the petroleum ether previously used and that now 
obtamable Nevertheless lolumetnc estimation of the bromme shoved 
that the yields of pentabromoacetone formed by the oxidation of the citnc 
acid were, m both sets of experiments, m accord mth the previous ob- 
servations of Pucher, Vickery, and Leavenworth (2) 

In order to eli min ate the uncertamties m the colonmetnc method, a 
microtitration procedure, based upon experimental evidence previously 
descnbed (2-4), has been developed as a substitute It has been found 
possible to estimate as httle as 0 05 mg of citnc acid with an accuracj’’ of 
±5 per cent, and the new procedure may be apphed equall} as well as the 
old to the analysis of tnchloroacetic acid filtrates obtained from animal 
tissues and to the organic acid fractions prepared from plant tissues 
Reagents — 

Sulfuric acid, 18 n A mixture of equal volumes of concentrated acid 
and vater 

Potassium permanganate, 1 5 n 47 4 gm m 1000 ml of solution 
Potassium brormde, 10 m 11 9 gm m 100 ml of solution 
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Sodium sulfide, 4 pei cent 4 gm of costallme sodium sulfide in 100 
ml of solution, piepared fiesli eveiy 2 to 3 days 
Petroleum ether B p 35-50° 

Hydrogen peroxide Commercial 3 pei cent solution 
Hydrogen peioxide (halogen-free) 16 to 18 ml of 18 n sulfuric acid 
are poured slonly mto 100 ml of natei, the muxture is cooled to 5°, and 
about 10 gm of fresh solid sodium peroxide aie added slowly so that the 
temperature does not nse above 30° The final solution, nhich should be 
acid to Congo red papei, is cooled to 5° and the supernatant fluid is de- 
canted or centrifuged from the precipitated sodium suKate The solution 
contains from 2 5 to 3 5 per cent of hydrogen pei oxnde 


Table I 

Recovery of Citric Acid by Colorimetric Method and by Titration Method 


Citric acid present 

Citnc acid found 

Cofonmetrjc method 

Titration method 

Old ratio* 

New ratiot 

mg 

mg 

mg 

mg 

0 128 


0 130 

0 124 

0 128 




0 128 

0 097 

0 132 

0 128 


* Mg of citnc acid = C X Q 920, from calibration curve obtained vith earlier lots 
of petroleum ether 

tMg of citnc acid = £ X 1 26, from calibration curve obtained nith recentlols 
of petroleum ether 

Silver nitrate, 0 01302 n 2 2116 gm ol puie silver nitrate m 1000 ml 
of solution 1 ml is equivalent to 0 500 mg of citric acid or to 1 866 mg 
of silv ei chloride The exact normality is checked by a gravimetric chloride 
determmation m 100 ml ahquots 

Ammonium thiocyanate, 0 01302 x 0 99 gm in 1000 ml of solution 

Ferric ammonium sulfate 30 gm dissolved ii ith 100 ml of water 

Sodium sulfate 20 per cent solution of a halogen-free reagent 

Method 

Filtrates suitable for the deteimmation of the citnc acid content of 
biological matenal may be prepared accordmg to the directions of Bucher, 
Sherman, and Ihckery (1), suitable ahquots are transferred to 100 
beakers To each aliquot 3 ml of 18 n sulfui ic acid are added and the solu- 
tion is boiled for 5 mmutes or until a i olume of about 35 ml is attained 
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The solutions are cooled to 20-25° and the citiic acid is oxidized by the 
addition of 2 ml of 1 m potassium biomide and 5 ml of 1 5 ^ potassium 
permanganate The solution is allowed to stand at room temperatuiefor 
10 minutes and is then cooled in an ice bath to 10° or Ion er and decolorized 
bj the dropmse addition of 3 per cent hydrogen peroxide 
The oxidation mixtuie is transfen ed to a shoit stem (2 to 2 5 cm ), 125 
ml pear-shaped separator! funnel previously cleaned n ith chromic-sulfunc 
acid, each beaker being caiefullj nnsed into the coriesponding funnel with 
25 ml of petroleum ethei used in small portions The funnel is shaken 
vigorously for about 30 seconds and the aqueous layer is drawn off into the 
oiigmal beaker The ether is transferred to a second short stem separatory 
funnel The aqueous solution is shaken again inth 20 ml of petroleum 
ether and then discarded The second ether extract is added to the first 
and, after a settlmg period of at least 1 mmute, the small aqueous lay er is 
drarni off and the end of the funnel is inped dry The ether extract is 
Hashed four times nith 3 to 4 ml quantities of Hater to remove traces of 
inorganic halide A settlmg peiiod of at least 1 mmute is allowed after 
each Hashmg, and the ends of the separatory' funnels must be wiped diy 
after each operation The pentabromoacetone is decomposed by shaking 
the petroleum ether solution successively vnth 3 ml and with 1 ml por- 
tions of 4 per cent sodium sulfide solution, and then with 2 ml portions of 
H ater until no further coloi is obsei V’ed m the w ash solution One h ashmg 
is usually sufficient The extracts are successively' dramed into a 25 ml 
Erlenmey'er flask and, w hen extraction is complete, 0 5 ml of 6 0 N sulfuric 
acid is added and the solution is boiled for 1 to 2 minutes to expel hydrogen 
sulfide The addition of small angular quartz boiling stones greatly facili- 
tates this step The solution is cooled to 15° or below and, when con- 
V'enient, 0 5 ml of 1 5 ^ potassium permanganate is added in order to 
oxidize substances which inteifere with the subsequent titration of the 
biomide The solution is stirred foi about 10 seconds and decolorized by 
the rapid addition of halogen-free hy'drogen pei oxide, 1 ml of concen- 
trated nitric acid, 1 ml of 30 pei cent ferric ammonium sulfate, 1 ml of 20 
per cent sodium sulfate, and, fiom an accurate pipette, exactly 2 ml of 
the standard silver nitrate solution are then successiv'ely added After 5 
minutes, the solution is titrated with the ammonium thiocy'anate solution 
delivered from a imcro burette As the end-pomt is approached, the flasks 
aie shaken vigorously for 10 to 20 seconds and the titration is then com- 
pleted to the first salmon-pink coloi The maximum difference between 
duplicate determmations should not be greater than 0 02 ml 
The result is calculated from the equation 

^Ig citric acid = 1 166 [0 500 (ml igNOj minus ml XIi,XCS) — 0 0201 
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DISCUSSION 

The success of the procedure depends upon careful attention to details 
of technique Thorough cashing to insure the removal of traces of mor- 


Table II 

Recovery of Ctlnc Acid by T^lTalton Method 


Citnc acid present 

Citric acid found* 

Actual recovery 

Corrected recover>i 

ms 1 


1 

per cent 

Per cent 

0 051 

0 042 

86 27 

100 6 

0 12S 

0 110 

85 93 

100 2 

0 256 

0 220 

85 93 

100 2 

1 28 

1 077 

S4 16 

98 1 

1 92 

1 622 

Si 4S 

98 5 

3 20 

2 739 

( 85 61 

99 8 


* Corrected for reagent blank 
t Corrected by the empirical factor 1 166 


Table III 


Cttnc ilcid Conlent of Dry, Fof-Frec Chtckcn Tibtas by Colonmelnc and Ttlraifon 
Method, DupUeatc Analyses by TttraUon Method 


Sample Iso * 

Colorimetric methodt 

Titration methodt 


per cent 

per cent 

335 

0 530 

0 472 

369 

0 700 

0 6SS 

466 

0 746 

0 780 

473 

0 726 

0 720 

474 

0 716 

0 688 

495 

0 726 

0 780 

642 

0 600 

0 626 

675 

0 500 

0 502 

676 

0 650 

0 628 

947 

0 416 

0 414 

811 


1 00 



1 01 

812 


1 07 



1 05 

815 


0 720 



0 740 

821 


0 704 



0 694 


•60 mg of each sample were taken for analj SIS i, j u 

t These values were obtained before the change m the cahbration curve had been 

encountered , , . ^ x 

X The snme Bamples subsequently analyzed b> the titration toetnoa 
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game halides from the petroleum ether solution of the pentabromoacetone 
IS of the utmost importance The range of the method is from 0 05 to 1 0 
mg of citric acid If more than the larger amount is present in the ahquot 
taken, it is only necessary to add more standaid silver mtrate solution, 
either before or even after the addition of the first drop of ammomum thio- 
cyanate solution, and then to continue the titration to the end-pomt 

The equation for the calculation of the citnc acid values mcludes tvo 
expenmentall}’’ determmed empirical quantities A blank determmation 
IS earned out m vihich vater is used instead of a citnc acid solution The 
blank requires from 0 03 to 0 05 ml of 0 01302 n sih er mtrate and is eqmi a- 
lent on the average to 0 020 i 0 005 mg of citnc acid, which quantity is 
accordmgly subtracted In addition, as was pomted out by Pucher, 
Vickery, and Leavenworth (2), the theoretical citnc acid equivalent of the 
standard silver mtrate used must be multiphed by an empincal factor to 
obtain the actual citric acid content of the samples This factor, calculated 
from the results of twenty-five recent analyses of samples which contained 
from 0 051 to 3 20 mg of citric acid, was found to be 1 166 ± 0 023 This 
figure agrees moderately w ell with the factor of 1 13 found when the ongmal 
method was developed (1) 

In Table II are recorded representative data which show recovenes of 
known amounts of citnc acid Table III show s a comparison of results by 
the titration method with the earher colorimetric method, as apphed to the 
determmation of citnc acid m chicken tibias, as w ell as a senes of duplicate 
detenmnations to illustrate the precision that can be obtamed These 
data mdicate that satisfactory values for citnc acid can be obtamed over a 
wide range by the microtitration techmque and that the results agree well 
with those obtamed by the earher eolonmetnc procedure 

SUMMAKY 

A microtitration method has been developed for the estimation of small 
amounts of citnc acid, which is recommended as a substitute for the earher 
eolonmetnc method of Pucher, Sherman, and Vickery (1) The new pro- 
cedure is mdependent of those factors which necessitate a frequent checking 
of the cahbration curve used in the colorimetric procedure 
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A RAPID JIETHOD FOR ESTIMITIXO SERUM PROTEINS 

FORMULA FOR CALCULATING SERUM PROTEIN CONCENTRATION 
FROM THE REFRACTIVE INDEX OF SERUM 

Bt r WILLIAM SUNDERMAN 

(F rom the William Pepper Laboratory of Cltntcal Medicine, University of Pennsylvania, 

Philadelphia) 

(Receued for publication, December 13, 1943) 

The importance of ha\mg available a rapid method for estimatmg the 
concentration of serum protems m emergency situations has long been 
recognized Such information would help m selectmg patients that re- 
quue replacement therapj’^ and m detemunmg the type of replacement 
therapy required Rapid methods for measuring the hemoglobm concen- 
tration m blood have been adequate, however, speedy methods for measui- 
ing the serum protems, such as the fallmg drop method, have not proved 
to be entirely adapted to our needs Estimation of protem concentration 
from the refractive mde\ of the serum is rapid, easy to perform, and eco- 
noimcal of material, requirmg only 1 drop of senim, no reagents are re- 
quired but the use of a refractometer is necessary 

The prmciple of measurmg serum protems refractometrically is an old 
one, ha\mg been introduced by Stnibell m 1900 (1) and sj stematically 
studied by Reiss (2), Robertson (3), Schorer (4), and others References 
to the early studies m this field are mcluded m an article published b3’' Reiss 
in 1913 (5) Reiss’ method m brief consisted in measurmg the difference 
between the refractii itv of serum and water at 17 5°, subtractmg a con- 
stant for the non-protein components, and dividmg the remainder b}^ the 
change m refractii itj'’ produced by a 1 per cent protem solution ^ Later, 
Robertson (6) reported different protem and non-protem constants than 
those obtamed bj Reiss and showed that the refractive mde\ of serum 
albumm is less than that of serum globulm Schorer (4), Robertson, and 
others concluded that the method of estimatmg serum protem by Reiss’ 
formula nelded erroneous results m pathological sera This led to the 
elaboration of a more time-consuming method bj"^ which Robertson (7) 
estimated the albumm, globulm, and non-protem constituents separated 

’ Reiss’ formula maj be expressed as follows 

„ 0 00277 

“ 000172 

Pr = serum protein, gm per 100 ml , E, = refractne index of serum, E,, = refractne 
index of water, 0 00277 = arbitrary correction for salts and non-electroK tes in serum, 
0 00172 = Reiss’ figure for the refractive index of a 1 per cent protein solution 
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ESTIMATION OF SERUM PROTEINS 


The refractometnc method for estimating serum proteins in the past had 
some chnical usage until it was shouii by various mvestigators, mcludmg 
Lmder, Lundsgaard, and Van Slyke (8) and Guillaumm, Wahl, and Lau- 
rencm (9), that the values obtamed by the refractometer nere higher than 
those obtamed by standard cheimcal methods As a consequence, the 
refractometnc method has not been emploj^ed to anj great extent m 
recent years 



•piQ 1 Refractometer values plotted agai^t 
the Btatmtically calculated regression line is J 
indicated by the arrou represents a specimen 


Rcmm protein The equation for 
. I d,ii - 1 81 The point 
* entration of bihrubm 


le measurements of Linder, Lundsgaf 

na and, although not stated, pr^un 

[lutmg the values Refractometnc 
he Kjeldahl method were found to b 
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between the proteins estimated refractometrically and the dry iveight as 
ell as the specific gravity of the serum 

Since refractometnc measurements ofifer the advantages of speed and 
simphcity, it occurred to us that the correlation betiveen the refractivitj 
and protem concentration of serum might be remvestigated Accord- 
ingly, simultaneous measurements were made of the refractmties and pro- 
tem concentrations of sera ob tamed from 112 patients suffermg from 
miscellaneous pathological conditions The refractmty measurements 
Mere made by means of an Abbe refractometer, the protem measurements 
Mere made by the Kingsley method (13) checked daily with serum analyzed 
lij the Pregl method (14) for nitrogen The results of these measurements 
are plotted and shown in Fig 1 

Method 

The refractmty measurements are made by placmg 1 drop of serum m 
the chamber of an Abbe refractometer and reading the refractiie mde\ 
From this value is subtracted the refractive mde\ of Muter at the same 
temperature The values of the refractive index of nater may either be 
measured directly or may be obtamed for any given temperature from 
prepared refractmtj' tables (15) For purposes of this measurement it is 
sufficiently accurate to calculate the refractive mde\ of nater at room 
temperature by the follomng formula 

R I = 1 3332 - 10 0001(1) - 0 0018] 

HsO 

If distilled water is not available for direct measurement, tap water may 
be employed mthout mtroduction of any appreciable error 
When the differences m the refractive index of serum and nater are 
plotted agamst the serum protem concentrations, it will be seen (Fig 1) 
that an excellent hnear correlation is obtamed The statisticall 3 ’' calcu- 
lated regression hne derived from this correlation may be expressed by the 
equation 

Pr = 510 R I dm - 1 81 

(Pr = gm of protem per 100 ml , R I d.ff = the refractive mdex of serum 
minus the refractive index of n ater ) The standard denation for this 
regression hne is equal to 0 31 gm per 100 ml 

DISCUSSION 

Greatlj^ mcreased amounts of bilirubm or fats m serum might possibb 
alter the refractometnc xalues m relation to concentrations of protem 
Ko systematic stud}’’ has been made of such possible deviations In sex- 



142 


ESTI^L\TION OF SERUM PROTEINS 


eral of the specimens in oui senes the concentiations of non-electroK tes 
such as cholesteiol, uiea, and sugar ueie ele\ ated and one specimen shown 
on Fig 1 contained a high concentration of bihrubm In these specimens 
the agieement of the calculated with the found \alues was not significantly 
affected This method is recommended especially for use in traumatic 
shock, and m such cases large amounts of fats or bde pigments tvill seldom 
be found 

As a method foi quick clinical guidance we find from our data that pro- 
tem tallies less than 5 gm pei 100 ml are raie unless the refractive dif- 
ferences at room tempeiatuie aie less than 0 0141, protem values greater 
than 7 gm pei 100 ml aie laie unless the differences are greater than 

1170 = 


SUMMARV 

A formula is presented foi calculating the concentration of serum pro- 
tem fiom refractivitj measuiements The method is econonucal in time, 
easy of manipulation, requiies no leagents, and is useful m guiding theiapy 
in cases of shock 
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GLUTATHIONE AS AN ESSENTIAL GROWTH FACTOR FOR 
CERTAIN STRAINS OF NEISSERIA GONORRHOEAE* 

Br R GORDON GOULD 

{From the Department of Bacteriology and Immunology, Harvard Medical School 
and School of Public Health, Boston) 

(Received for publication, October 18, 1943) 

Although the gonococcus has often been descnbed as being “fastidious” 
m its nutritional requirements, little has been reported on specific grouth 
factors Lankford and Snell (1) have recently found that 10 to 15 per cent 
of their strains require glutamine for primary isolation Such strains, thet 
state, readily produce “normal mutants” on subcultuie, nhich no longer 
requiie glutamine 

Seieral reports have appeared on the effect of cjstme, some workers 
(2, 3) statmg that it v as inhibitoiy and others (4) that it stimulated gion th 
Booi found that stock strains required cystine n hen grown on an enz\ mati- 
callv digested casein medium and that optimum grov th was obtained at a 
C3 Stine concentration of between 0 025 and 0 075 per cent He regards 
this as onl}’- a type requirement, since certain other sulfur compounds in- 
cluding barium sulfide and even sulfur itself were capable of leplacing 
c\ Stine Because of the high optimum level he suggests that the function 
of c^ stme IS “evidently something more than as a ‘building stone’ ” iMc- 
Leod had earlier observed that C 3 stine w as mhibitor 3 ' in high concentrations 
but was sometimes stimulator 3 in low concentrations His evperiments 
emphasized the differences betw een strains and also the importance of other 
constituents of the medium, particularl 3 ' the colloids, as determining 
whether any amino acid would stimulate or inhibit growth 

The protein-free medium of Mueller and Hinton (5) has been used as 
the basis for an investigation of the growth factors for the gonococcus 
This medium, which giies excellent growth of both freshl 3 isolated and 
stock strams, consists of meat infusion, starch, acid h\drol 3 sate of casein, 
and agar It has been found' that fieshh isolated strains will grow if the 
meat infusion is replaced b 3 a mixtuie of glucose, sodium and iiotassium 
phosphates, and a magnesium salt, although the giowth is not so Mgorous 

* The work represented in this paper was carried out in part under a contract 
recommended by the Committee on Medical Research between the Office of Scienti 
fic Research and Development and the President and Fellows of Harvard College and 
Was aided by grants from the Commonwealth Fund and the United States Public 
Health Service 

' Gould, R G , Kane, L W , and Mueller, J H . / Bact , in press 
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GUrrATBIOXE tS GRO'WTH F'i.CTOR 


The meat infusion thus contains a factor (or a group of factors) uhich 
stimulates the grou-th of these strains but none that is essential 

Houeier, it has been obsened that certain stock strains failed entireh 
to grow in the absence of meat mfusion and later seieral strains, uhich 
grew- mthout meat infusion ulien fresbh isolated, uere obsened to change 
after some weeks of daily subculturmg on the Mueller-Hmton medium to 
lariants uhich uere subsequenfh completed dependent on the presence 
of meat infusion 

An miestigation of the nature of the factor necessarj for the groirth of 
these exactmg strains is the subject of the present commumcation 


Method of Assay 

Cultures uere transferred dailj on slants of the AIudler-Hmton medium 
and the experimental plates were streaked in such a uaj that ueh isolated 
colomes were formed After 40 hours incubation m a candle jar the 
diameters of fire or more tjqDical, uell isolated colomes uere measured b\ 
means of a lou pouer microscope uath a micrometer ejepiece The size 
of an mdindual colonj uas found to be stncth proportional to the time 
of mcubation durmg the penod betueen 15 and 40 hours of incubation 
The 1 anation in the size of such colomes on any one plate was found to 
be less than ±10 per cent, and the a%erage \alues obtained for the same 
stram on the same medium m different expenments were ordmanlj repro- 
ducible uithm ±10 per cent Different strains \aried considerabh m the 
colon} size, but am one strain was found to gi\ e essential!} constant results 
o\ er long penods of time The mam sources of error m this method of 
assa} , axclusn e of the sudden change m grou-th requirements mentioned 
abo%e, were a “croudmg” effect due to large colonies or too heav} inocula- 
tion, and mcomplete mixmg of the mednim 
The basal medium consisted of the follouing constituents 


Casaimno acids (Difco)* 

Starch 

Glucose 

IvHPO, 


1 50 gra Ma HPO* 

0 15 •• MgSO, 7H 0 

0 15 “ l^gar 

0 10 “ Water to mak^ 


• This amount supplied about 0 7 gm of ammo acids and 0 6 gm 


0 2S gm 

0 045 “ 

1 - “ 
100 cc 
ofNaC! 


The pH was adjusted to 7 4 to 7 6 and the medium autoclaved for o 
minutes at 10 pounds m 20 cc amounts One loo itul of a 24 hour stare - 
agar culture uas suspended m 0 5 cc of saline and the plates uere streaked 
uith one loopful of this suspension Alost of the inoculuin was sprea 
mer a small area at the top of the plate, some confluent 
obtained on this area except in the presence ci strong 
The cntenon of groudh uas the deadopment of isolated colonies o 

rest of the plate, particular!} on the louer half 
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The gro-i\ th-promoting actu itj of a given concentiation of any substance 
added to the basal medium may be expressed as the average colony diameter 
obtamed vith a gnen strain at 40 hours mcubation Foi example, Stram 
1 gave no isolated colonies on the basal medium, and on the same medium 
Mith the addition of 25 cc of “double strength” meat infusion per 100 cc , 
a series of oa er 60 deteiminations extending ovei a period of several months 
ga\ e an average colon j size of 2 3 ± 0 5 mm The large vanation m this 
case IS due to the cron ding effect of such large colonies 

Isolation of Essential Factor — Since beef heart and meat mfusions proved 
to be poor startmg materials for the isolation of the essential growth factor, 
a search was made for a better source Yeast infusion was found to gi\e 
almost as large colonies as did meat infusion, and horse red blood cell 
extract supported growth but the colonies never exceeded 1 0 mm in size 
no matter how high the concentration of red cell extract Assay curves 
for beef heart infusion, yeast mfusion, and red cell extract are shown m 
Fig 1 The curve for red cell extract has the fonn expected for the assay 
of a smgle factor, but with the other two the colony size mcreases wath 
increasing concentrations at least up to 25 cc per 100 cc of medium (about 
1 0 gm of sohds in each case), and possibly beyond This mdication of 
the presence of additional growth factors m beef heart and yeast was also 
borne out by the fact that highly active preparations from these sources 
ga\e smaller colonies than the ongmal matenals did, and the most active 
preparations gave approximately the same size colonies as did the red 
cell extract 

Highly active preparations were obtamed from all three sources by chem- 
ical fractionation methods The best yeast and red blood cell preparations 
Were about equally active and the beef heart preparation somew'hat less so 
The chemical properties of all three were similar The peptide nature of 
the active factor was shown by (1) complete destruction of the activity by 
acid hydrolysis, and by deanunation with nitrous acid, and (2) by all the 
other evidence mcludmg the presence of free acid and basic groups, electro- 
metric titration curves, and ammo nitrogen values A “carboxyl nitrogen” 
detemunation by the nmhydrm method (6) of the yeast preparation gave 
a value of 31 per cent of the total nitrogen as carboxyl nitrogen In general, 
peptides give no carboxyl nitrogen wnth the exception of glutathione, which 
Van Slyke found to giv e a value of 33 3 per cent This indicated the active 
factor to be glutathione and it was then found that both natural and 
synthetic glutathione completely replaced the essential growth factor As 
IS evident in Fig 1, glutathione dupheates the effect of the red blood cell 
extract but does not give nearly as large colonies as beef heart or jeast 
infusions, thus confimung the presence of additional stimulatory factors 
m meat and yeast infusions Analysis for total glutathione by the titration 
method of Woodw^ard and Fry (7) showed the most activ’e yeast and red 
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blood cell preparations to consist of about 80 per cent of glutathione, and 
this substance uas actually isolated from a a east preparation The assa\ 
values are also in agreement inth the analytical figures, since the a east 
and red blood cell preparations were onlj shghtlj less actne than pure 
glutathione There is thus no doubt that the essential gron-th factoi for 
these exacting strains present m all three sources is glutathione 
The methods of purification need not be gi\en m detail, since glutathione 
can be readily and quickh isolated from 3 east b 3 the method of Hopkins 
(8) as modified b\ Schroeder c( al (9) Thei are brieflA'^ summarized 
beloii 



Fig 1 Assay curves for gronth factors present in various preparations The 
abscissa readings for tUe beef heart infusion, the jeast infusion, and the red blood 
cell extract are giien in cc per 100 cc of medium, the glutathione, in mg per 100 cc 
of medium 


Beef Heart Infuswn~{a) The infusion was treated with excess lead 
acetate and basic lead acetate solutions The precipitate, after remoi al of 
the lead with H.S and of acetic acid by concentration to dryness tn vaciw, 
contained almost all of the original actixity m the essential factor ( 0 ) 
This material w'as then precipitated by excess mercuric acetate solution an 
the precipitate worked up m the same wav as the lead precipitate (c) 
Cold saturated Ba(OH)i was added to this solution until al^hne to 
phenolphthalem and the precipitate centnfuged and washed ^ ® 
cipitate was completeb inactive The supernatant and ^ 

combined and treated w ith 4 a olumes of alcohol, and the precipitat 
formed was centnfuged and extracted wath sex eral small j 

The extracts, which contained the essential factor, were combined and a 

tolL“o;ed.,.l.,sI,Bl.texce,s.rH,SO, W Th.ssolut.o. «.-> tte. 
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tie-xted with excess saturated alcoholic HgClj and the precipitate woiked 
up as for the Pb precipitate, except that the residue obtained was extracted 
with alcohol, which in the piesence of the HCl left in the residue dissolved 
almost all of the essential factoi This material, which was probably as 
actne ns any of the other pieparations from beef heait or meat, was used 
for the anal 3 ’sis gi\ en below Almost 0 13 gm was obtained fiom 2 liters 
of double strength meat infusion, representing about 2 kilos of meat 

Yeast — ^Yeast infusion was made bj' heating pressed bakers’ jmast with 
an equal weight of 1 pei cent acetic acid at 85-90° for 15 minutes and 
filtering through kieselguhr 

The infusion was fractional!}’’ precipitated with three oi foui portions of 
mercunc acetate solution The fiist precipitate usually contamed most of 
the active material Tlus fiaction was then precipitated with Ba(OH )2 as 
described for meat infusion About 4 75 gm w’eie obtamed from 5 kilos 
of yeast 

Furthei purification w'as obtained bj precipitation with a large excess of 
AgNOs solution Aftei removal of Ag by treatment with HjS and HCl 
the solution was concentrated to dryness in vacuo and the product used for 
assay and for glutathione analysis by titration 

Ho) se Red Blood Cells — After thorough washing with sahne, the horse red 
blood cells were cytolyzed and the proteins precipitated with acetone, and 
the acetone filtrate concentrated tn vacuo as described by Warburg for the 
prepaiation of coenz}’me II (10) Thissolution is the red blood cell extract 
mentioned above 

The solution was fractionally precipitated with mercuric acetate klost 
of the activity was usually found to be in the third of the five fractions 
precipitated 

The most active fraction, after removal of Hg with HjS, was concen- 
trated to a small volume and precipitated with 4 volumes of acetone 
The precipitate was rejected and the filtrate was concentrated to dr}mess 
tn vacuo and the residue extracted with methyl alcohol The filteied ex- 
tract was treated wnth about 2 volumes of acetone and the precipitate re- 
jected The filtrates from several batches weie combined at this stage 
and taken to dryness The residue was ex ti acted with ethyl alcohol and 
filtered and the filtrate evapoiated to drynes": This material was then 
treated with Ba(OH) 2 , as described for yeast infusion The resulting solu- 
tion was used for the assay curves and analysis A total of 290 mg was 
obtamed from about 3 liters of red blood cells 

The analytical results and assay xmlues for the best preparations from all 
three sources and for pure glutathione are given in Table I Although the 
theoretical ammo nitrogen ■value for pure glutathione is 33 per cent, the 
actual value obtained is over 50 per cent (8) 
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GLLT'lTHtONE AS GRO'^TH F\CTOB 


It was found that some destruction of glutathione occurred durmg auto- 
c aving The minimum concentration that gave maximum colony size 
was I 0 mg pfer cent if added before autoclavmg and 0 6 mg per cent if 
added after, but, except where otherwise noted, all matenals were added 
before autoclar mg 

Glutathione is active in both the oxidized and reduced forms but its 
activity is completetv destroyed bj acid hydiol5sis and b3 deamination 
Cystine and cysteine not onh will not replace it but are mhibitor3’' to these 
strams, the amount required to mhibit giowth being proportional to the 
amount of glutathione present Approximately 3 molecules of C3'steine 
will suppress the activ itv of 1 of glutathione Since the casein hydroh sate 
contains some 03 stme (about 1 5 mg in 100 cc of medium), it appears 
probable that the glutathione requirement w ould be ev en smaller vnth a 
cystme-free medium 


Table I 

Assay T ahtes for Preparations Slitdted 


Preparation 

Total 

N 

Ammo N 

Car 

boj^lN 

Mmimum concentratioa for 
aptunum 

Total 

GSH 


Per cent 

Per cent of total \ 

Percent 
of Wat 
If 

mg pet tent 

Per 

cent 

Glutathione 

13 7 

33 (Calculated) 

50 (Found) 

33 3 

1 0 



12 5 





"i east infusion 

Red blood cell ex- 

13 5* 

05* 

31* 

1 35 

so 

tract 

12 8 

75 


1 10 (Estimated) | 

85 


* These values were obtained on material before the last step in the purification 


Of a large numbei of substances tested for their abihty to replace this 
peptide, onb'' two have been found to have an3' activity vvhatsoeier 
Aspaithione,- the aspartic acid analogue of glutathione, had some growth- 
promoting effect, although it did not give as good growth as glutathione 
Isoglutathione, in which the glutamic acid is bound to cysteme through its 
a- rather than its 7-carboxyl group, appeared to hav e a very shght activ it3 
C3stin3ddiglycine was inhibitory and no other C3'steme peptides have as 
xet been tested In this connection it is of mterest to note that Behrei« 
(11) has recently reported that asparthione and isoglutathione have 
gl30xalase coenzyme activitv, although asparthione is less active and iso- 

elutathione very much less active than glutathione 

The prmcipal function tint Ins been suggested for glutathione is 

» 3Ve wish to express our thanks to Dr Vincent du 
,ng us vnth the samples of synthetic glutathione, asparthione, isogl 
cystmyldiglycine used m this study 
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the coenzj'me of glyoxalase and the above evidence suggests that it may be 
acting in that capacity in the grou th of these gonococcus strains 
Strains — A total of si\ glutathione-dependent stiains have been encoun- 
tered Two of them were stock strains from this laboratory, one w^as a 
stock stram sent to us by Di C Philip Miller, and the other three strams 
w'ere ongmally not dependent on glutathione when freshly isolated but 
changed after some weeks of daily subculturing in the laboratory Two 
of the stock strams and one w hich has changed were studied in detail and 
assay curves for two of these strams are given in Fig 2 In this case a 
sterile glutathione solution was added to the medium after autoclavmg 
Both strains gave a maximum colony size, at a glutathione concentration 
of 0 C mg per 100 cc of medium, wathin the expenmental error 



Fig 2 Assay curves for two glutathione dependent strains 


DISCUSSION 

No freshly isolated strams have been found to be dependent on gluta- 
thione, BO it seems probable that this charactenstic is an adaptation to 
contmued subculturmg on a medium nch in glutathione The e^^dence 
mdicates that most if not all gonococcus strains wall change to a gluta- 
thione-dependent variant, although the time required may be a matter 
of chance and vary considerably The stram which has been studied m 
the most detail m this regard, Stram 8, changed suddenly and completely 
but other strams have been encountered which showed a partial dependence 
on glutathione They w ere m general capable of growth w'lth the formation 
of very small colonies on the basal medium and were greatly stimulated by 
the addition of glutathione Cystme (or cysteine) alone did not stimulate 
their growth but, when added to glutathione, the inhibition of growth was 
not as marked as with strams completely dependent on glutathione Their 
behavior suggested that thej' w ere still capable of synthesizmg glutathione 
but not at a sufficiently lapid rate for optimum growth The glutathione- 
dependent variant is denoted as Stram 8a 
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GLUTATHtONE \S GRO'WTH FACTOR 


The mliibition of these strains b> cj-stine appears similar to the inhibition 
of the gronth of bacteria lequiring p-ammohenzoic acid by sulfanilamide 
Since these stiains are unable to synthesize glutathione from cysteine, the 
presence of the lattei may cause blocking of some essential metabolic 
process by competition with glutathione Howeier, as the gonococcus is 
inhibited by a great rariety of substances, this e\planation is onlj in the 
nature of a speculation 

PiGhniiiitiry GxporiTiwnts ludtcutG that the abiht 5 '' to grow without gluta- 
thione may be regained by a strain winch has lost this abihtj^ One strain. 
No 8, previous^ discussed, which suddenly losttheabihty to grow without 
glutathione when stieaked out from a saline suspension by the standard 
technique, was subciiltuied on such a medium bj"- the use of a lerv heavy 
inoculum Aftei sc'.eul weeks of daih siibciiltunng it was found that it 
gave the same size colonies without glutathione as when freshly isolated 
These changes are as follow a 

Medium used for 
duty subcultures 

Jan 29-Apr G Meat inrusion 

Apr d-May 23 Basal medium 

SUMMARY 

1 The factor piescnt m meat infusion, j east infusion, and red blood cell 
extract which is essential for the giowth of ceitain stock strains of gono- 
coccus has been show n to be glutathione 

2 A quantitatu c method of assa\ of grow th factors has been developed 
foi use on solid media, based on determination of the average colom size 
under standard conditions 

3 Fleshly isolated --tiuns have been found not to require glutathione 
but they show a tendency to develop a dependence on glutathione after 
some weeks of siibcultuiing on a medium containing meat infusion 


Growth on basal medium 
(no glutathione) 

Jan 29-Mnr 4 IS mm 
Mar 4-Apr 6 No grofTtb 
Mnj 28 About 1 5 mm 
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THE INFLUENCE OF GOITROGENIC SUBSTANCES ON THE 
CONVERSION IN VITRO OF INORGANIC IODIDE TO THY- 
ROXINE AND DIIODOTYROSINE BY THYROID TISSUE WITH 
RADIOACTIVE IODINE AS INDICATOR* 

By A L FRANKLIN, I L CHAUCOFF, and S R LERNER 
(From he Division of Physiology, University of California Medical School, Berkeley) 

(Received tor publication, December 23, 1943) 

It has long been knoiin that the continued feeding of diets rich in certain 
plant matenals causes hypertrophy and hyperplasia of the thyroid gland 
The production of goiters in rabbits fed a diet high in cabbage leaves was 
first observed by Chesne}' and conorkers (1-3) and confirmed by Marine 
el al (4) In 1936 Hercus and Purves repoi ted that the feedmg of Brassica 
seeds led to thyroid hyperplasia m rats (5) , this effect has been extensively 
studied by Kennedy, Gnesbach, and Puives (6-8) In attemptmg to 
deterimne the causative factor m such seeds, Kennedy found that thyroid 
glands of rats that had received allylthiourea were markedly hypertrophied 
and hyperplastic (9) A similar change in the thjTOid glands of rats fed 
phenylthiourea has been observed by Richter and Clisby (10) A detailed 
study of the goitrogenic activity of thiourea and its derivatives has been 
made recently by MacKenzie and MacKenzie (11) and by Astivood el al 
(12, 13) 

^ong the other substances reported to cause hypertrophy and h 5 T)er- 
plasia of the gland are the cyamdes, thiocyanate, and the sulfonamides 
The effects of the first of these hai e been observed by hlarme et al (14) 
The goitrogenic properties of thiocyanate have been repeatedly obserx ed 
m patients who received this compound for treatment of hypertension (15) 
An extensive investigation of the goitrogenic action of these compounds has 
been made by MacKenzie and MacKenzie (11) and Astwood et al (12, 13) 
The hypertrophy and hj perplasia of the thyi oid gland pi oduced bj these 
substances are not due to a direct stimulation of thyroid tissue, smee their 
goitrogenic effects are not obsened in the hypophysectomized animal, en- 
largement of the gland m the mtact animal is believed to occur in response 
to increased thyrotropic hormone activity This indirect mechanism for 
the enlargement of the gland nas first established for Brassica seeds by 
Gnesbach et al (7, 8) and later shown to be true for the sulfonamides and 
thioureas by MacKenzie and MacKenzie (11) and Astwood et al (12) 
The latter (12) also found that the feedmg of thiourea depressed the oxj^gen 
consumption of the mtact animal but did not mterfere mth the calorigenic 

* Aided by grants from tlic Commonwealth Fund and the Committee for Research 
in Endocrinology ot the National Research Council 
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CONVERSION OP INORGANIC IODIDE 


action of administered th^Tovme or desiccated thyroid, they therefore 
concluded that thiourea and related compounds depress the production of 
the thyroid hormone These observations have led to the introduction 
recently of thiourea and thiouracil in the treatment of hyperthyroidism (16) 
The development of an m vitro reaction for measuring the conversion of 
radioactive inorganic iodide to th}To\ine and duodotyrosme by surnnng 
thyroid tissue (17) provides a method for determinmg the action of these 
goitrogenic compounds In respect to the sulfonamides, it vas shonn 
previously that at a concentration of 10“’ m they mterfere markedly with 
the conversion of inorganic iodide to thyroxme and duodotyrosme hut not 
appreciably with the lodme-concentratmg capacity of the surviving thyroid 
shces (18, 19) The present report deals w ith the action of methyl cyanide, 
thiourea, allylthiourea, thiouracil, thiocyanate, p-ammobenzoic acid, and 
p-aromophenylacetic acid 


Results 


Formation of Radiothyroxine and Radiodmdolyrosine 


Thiourea, Thiow aeil, and Allylthiourea — The effects of these three com- 
pounds are shown m Table I Thiourea and thiouracil mhibited the con- 
version of the radioactive lodme of the Ringer’s solution to thyroxme and 
duodotyrosme at a concentration as low as lO-^ m Allylthiourea depressed 
this conversion markedly even at a concentration of 10-* m (0 001 per cent 
solution) 

Methyl Cyanide — Tlie effects of two concentrations of this organic cyanide 
are shown in Table II No interference m the formation of radiothyrovine 
or radioduodotyrosme was observed when the Rmger’s solution contained 
0 04 per cent (10“' m) of this compound It did not inhibit the formation 
of thyroxme and duodotyrosme even at a concentration of 10“* m * 
Potassium Thiocyanate—A marked decrease m the amount of the radio- 
active lodme of the Rmger’s solution converted to tfayrome and duodo- 
tyrosme was found when thiocyanate was present m the medium at con- 
centrations of IQ-' and 10 ~’ m (Table II) 
p-Aminohcnzoic Acid and p-Aminophenylacelic Acid~The goitrogenic 
properties of these two compounds were demonstrated by Astwood (13) 
In keepmg with this findmg, Table II shows that their presence m the 
Rmger’s medium decreased the formation of radiothjToxme and radiodi- 
lodotyrosme 


Penetration of Inorganic Iodide 7*’* into Thyroid Shces 
In the experiments of Tables I and II, the contents of t^e entire reaction 
flask (i c slices as W'cU as the 3 cc of medium) were analyzed for thjToxm 

1 Values for radiothyroxine and radioduodotyrosme obtained at this conceatra 
tion ate not recorded m Table II 
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and diiodotjTosine In the evpeiiments of Tables III to V, the thjToid 
slices were separated from their medium and onlj”^ the slices analyzed for 
either total I”‘ or organic I“‘ and inorganic I‘’‘ In this way the effect 
of each goitrogenic compound on the lodme-concentrating capacitr of 
tlnnoid tissue uas determmed 


Table I 

Effecl of Thiourea, Thtouractl, and illyllhiourea on Formation of Radiothyroxine and 
Radiodiiodotyrosine by Surviving Sheep Thyroid Slices 


300 mg of shoes were incubated for 2 hours at 38° m a bicarbonate-Rmger’s 
medium containing inorganic iodide, I‘« No I‘” was added * 


Experunent No 

Compound added 

Concentration 

Radioactive iodine of Ringer s 
solution recot ered as 




Thyroxine 

Diiodotyrosine 



if 

fer cent 

per cent 

1 

None 

Control 

9 6 

35 3 


ti 

ff 

10 6 

37 6 


Thiourea 

io-» 

0 2 

2 1 


<< 

io-> 

0 2 

1 9 



J0-» 

0 9 

1 6 


<t 

io-> 

0 8 

2 4 


Allylthiourea 

-10-» 

0 2 

2 3 


ft 

10-» 

0 3 

2 9 


if 

io-> 

0 3 

2 4 


ft 

10-» 

0 3 

2 8 


ft 

10-* 

1 1 

4 6 


ff 

10-* 

0 9 

3 4 

2 

None 

Control 

8 8 

73 3 


ft 

(( 

8 8 

64 6 


Thiourea 

io-» 

0 6 

6 0 


ff 

10-’ 

0 6 

7 3 


Allylthiourea 

IO-» 

0 3 

9 9 



10-» 

0 4 

6 5 


Thiouracil 

10-* 

0 3 

5 2 



10-» 

0 3 

7 2 


* The only P” contained in the reaction flask was that due to impurities in the 
reagent quality chemicals used in the preparation of the media 


In the experiments of Table III, 300 mg of thyroid shces were trans- 
ferred to a Rmger's medium contammg both the compound to be tested 
and the radioactive iodide and mcubated at 38° for 2 hours Up to this 
point the procedure was the same as in the experiments of Tables I and II 
The shces were then removed and, m order to free the shces of I‘” adhermg 
to their surfaces, washed tivice, each tune for 20 seconds m 3 cc of a non- 
radioactive Rmger’s solution The shces were then analj’^zed for total I*’' 
Controls — In control experiments m which none of the goitrogemc sub- 
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stances nere added to the Ringer’s medium, 90 per cent or more of the 
that had been added to the Ringer’s medium was recovered m the thiToid 
shces after their mcubation for 2 hours These ^ alues should be contracted 


Table II 

Effect of ^fethyl Cyanide, Potassium Thiocyanate p--iminobcn.oicAcid, andp-imino- 
phcnylacctic 4cid on Formation of Radtothyroiinc and Radiodiiodotyrosinc bu 
Surnring Sheep Thvroid Slices 


300 mg of slices were incubated for 2 hours at 3S° in a bicarbonate-Ringer 3 
medium containing inorgamc iodide, I'” Xo I‘-' was added * 


Expenment 

\o 

Cem pound added 

Concentration 

Radtoac 
of Ringer^s s 
ere 

Thyroxine 

li\e iodine 
solution ieco\ 
td as 

Duodoty 
ro me 



u 

far cent 

fer call 

1 

Xone 

Control 

9 6 

35 3 


4C 

• 1 

10 6 

37 6 


^feth^l ctamde 

10-' 

11 1 

31 7 


(( (< 

ir» 

11 1 

34 1 


<C <( 

10-' 

10 i 

30 0 


<< <C 

10-’ 

11 3 

37 6 

2 

Xone 

Control 

S S 

73 3 


(( 

It 

S S 

&4 6 


MethtI ctamde 

10-’ 

S 2 

6S4 


<( <( 

10-' 

8 1 

74 1 


Potassium thioctanate 

10-' 

3 5 

30 6 


II li 

10-' 

0 S 

10 6 


p-\minobenzoic 'icjd 

10-' 

1 0 

5 S 


(< i< 

10-' 

0 S 

6 2 


p-4minophenalacetic acid 

10-' 

1 3 

5 5 


(( *< j 

1 10-' 

1 3 

7 5 

o 

Xone 

1 Control 

12 1 

51 9 


14 

4 

12 4 

o6 9 


Potassium thioc\anate 

10-- 

0 S 

16 0 


44 (( 

10- 

0 9 

1-1 3 

4 

Xone 

Control 

5 S 

49 2 


4 

44 

5 1 

-1 


<4 

41 

5 6 

46 2 


p-Ajumobenzoic acid 

10-' 

0 9 

4 3 


44 « 

io-> 

1 1 



44 It 

10-' 

1 0 

3 S 


• See the foot-note to Table I 


ntl. tho=e obtained iihen 300 mg of bier sbeeB ivcre mcobated imder 
tatieaUcnditioae. as much as 10 per rent of the radi^icti, e ..dme of 
tineei’s solution was recot ered m these shces (19) toi,- denrec-ed 

mouna—X concentration of thiourea that almost complete P 
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tile formation of radiothj ro\ine and ladioduodotyrosine had relatueh' 
little effect on the uptake of b\ the th\ roid tissue In E\periment 3 
(Table III) the recoverj’- of I“‘ in the presence of 10~’ at thiourea nas about 
10 pel cent less than in the contiols, in Experiment 1 the 300 mg of thi roid 
chces had accumulated approximateh SO per cent of the radioactn e iodine 
of the Ringer’s solution in the presence of this concentration of thiourea 

Tabie III 

Effect of Gotlrogcnic Conipoitnds on Accumnlatton of Inorganic Iodide bp Surrii mg 

Sheep Thyroid Slices 

300 mg of slices Here incubated for 2 hours at 38° in a bicarbonate-Ringer’s 
medium containing inorganic iodide, I'“ Xo I**' ivas added * The slices mere 
then separated from the medium and analjzed 


Experiment No 

Compound added 

CoQcentration 

RadioacU^ e lodtne 
of Ringer 5 solu 
tion recovered m 
thjroid slices 

1 

None 

Xf 

Control 

per Ctrl 

93 



ff 

90 


Thiourea 

io-» 

79 


“ 

10-’ 

79 


Potassium thiocjanatc 

10-’ 

46 


t< if 

io-» 

55 


p-Ammobenzoic acid 

10-’ 

83 


a it 

10-’ 

90 

2 

None 

Control 

8S 


<1 

(C 

85 


Thiouracil 

10-» 

79 


if 

10-’ 

81 

3 

None 

Control 

97 


ff 

ft 

98 


Thiourea 

io-» 

90 



10-’ 

89 


p-Aminobenzoic acid 

10-’ 

89 


« 

10-’ 

84 


Potassium thiocyanate 

10-’ 

50 


if ft 

10-’ 

61 


if if 

10-’ 

5 


t( « 


8 


* See the foot-note to Table I 


Thiouracil — In the experiments ol Table III, “tracer” amounts" of I'*^ 
nere added to the Rmger’s solution, the onl} I'"*^ present m the reaction 
flask was that due to the impuiities m the reagents used m the preparation 

’ The saline solution containing the radioiodide (I*”) as prepared from the tel- 
lurium target contained an amount of iodine (sjl**’ + that mas not detectable 
clieniically 
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of the Ringer’s medium In the experiments of Table IV, 10 y of as KI 
Here added to each 3 cc of Rmger’s solution Smce the ratio of I>’i to P ’ 
(specific activity) m the medium was knoira, the recovery of I'** m the 
thyroid slices also is a measure of the amount of P"^ of the Ringer’s solution 
that entered the thyroid slices The micrograms of P^' that entered the 
thyroid shces durmg a 1 hour period of mcubation are recorded m the last 
three columns of Table IV 

A concentration of K)-’ ji thiouracil had little effect on the uptake ot 
radioiodide by thyroid shces tthen tracer amounts of I“i were added to the 
incubation medium (Table III) 

Table IV shous in a most stnkmg manner that, while depressmg the 
formation of thjroxme and diiodotjrosme, thiouracil at a concentration of 

Table TV 

Ejffecl of Thtovracil on Accumulatton of /*” of Ringer's Solution 
by Surviving Thyroid Slices 


300 mg of shces m ere incubated for 1 hour at 38° in a bicarbonate-Ringer’s medium 
containing inorganic iodide, I‘", and 10 r of inorganic iodide, I*” The slices were 
then separated from their medium and analyzed 


Compound added 

of Ringer s solution recovered 
in slices as 

of Ringer $ solution incorporated 
into slices as 


Organic 

Inorganic 

Total 

Organic* 

Inorganic 

Totjl 

None 

It 

10~’ M thiouracil 
10-« “ " 

10-3 << " 

per cent 

26 4 

22 9 

13 6 

2 4 

2 3 

2 0 

per cent 

66 2 

50 0 

54 0 

75 5 

65 2 

59 8 

per cent 

82 6 

72 9 

67 6 

77 9 

67 5 

61 8 

T 

2 64 

2 29 

1 36 

0 24 

0 23 

0 20 


t 

8 26 

7 29 

6 76 

7 79 

6 75 

6 IS 


* Refers to thyroMne-hke and diiodotyrosine-like iodine (see the text) 


10~“ M has no effect on the absolute amounts of I’*’ removed from the 
Rmger’s medium by the thvroid slices Thus 7 to 8 y of I*^^ were recovered 
m the thyroid slices when 10 y of 1“^ were added to the medium, of this, 
14 to 2 6 y were converted to thyroxme and duodotyrosme When 
thiouracil as w ell as 10 y of I”’’ w ere added to the Rmger’s medium, 6 to 8 y 
of I'-^ entered the 300 mg of thyroid shces, practically none of it, howei er, 
was converted to thyroxme and duodotyrosme m 1 hour 

p-Aminohenzoic Acid — The effect of this compound on the penetration 
of I”’ w'as tested at a single concentration, namely, 10”^ m In Expenmmt 
1 (Table III) little difference m I«» uptake w^as obsen^ed whether or not the 
thyroid slices were treated with this compound In Experiment 3, t e 
uptake was depressed only about 10 per cent by p-ammobenzoic acid 
Potassium Thiocyanale— An appreciable reduction m the uptake oi 
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R as observed in the pi esence of 10 -’ m thioc3 anate At this concentration, 
howevei, considerable amounts of the added to the Ringer’s medium 
Mere recoveied in the thjroid slices after their mcubation for 2 houis 
Increasmg the thiocj anate to 10~- m completely abolished the lodme- 
concentratmg capacitj’^ of this tissue The amounts of that entered 
the shces incubated in 10~^ m thiocyanate Mere about the same as those 
found ivhen liver Mas used (19) 

Although the conditions m Mhich penetration Mas studied m the e\pen- 
mepts of Table III Mere the same as those of the experiments of Tables I 

Table V 

Effect of Goitrogenic Compounds on Accumulation of Inorganic Iodide 7*” hy Surviving 

Thyroid Slices 

300 mg of Blices Mere first treated for 30 minutes at 38° in a non-radioactive bi- 
carbonate-Ringer’s medium containing one of the goitrogenic compounds, the slices 
were then removed and transferred to bicarbonate-Ringer’s medium containing the 
same goitrogenic compound and inorganic iodide, I'*', and incubated for 2 more hours 
at 38° No I’” vras added dunng the first or second incubation * 


Experunent Ko 

1 

1 Compound added 

' 

! 

Concentralioa 

KadioacliN e todme 
of Rmger s soiu 
non recovered in 
shces 

1 

None 1 

1 ^ 

' Control 

per cent 

88 


“ 1 

(1 

92 


Thiouracil 

\ 10'» 

77 


a 

1 10-’ 

82 

2 

None 

Control 

93 


U 

It 

94 


Thiourea j 

io-» 

88 



I0-' 

91 


Potassium thiocyanate 

10-» 

39 


ft (1 

i(r* 

36 


p-Arainobenzoic acid 

icr* 

94 


t( 4< 

io-> 

84 


* See the foot-note to Table I 


and II, m which the formation of thvroxme and duodotjTosme Mas 
measured, it might be thought unjustified to conclude that thiourea, thi- 
ouracil, and p-ammobenzoic acid do not appreciably alter the lodme- 
concentratlng capacity of thjTOid shces, smee the probablj enters the 
shces faster than these three goitrogenic compounds To mvestigate this 
possibility, experiments Mere earned out in nhich thjToid shces Mere pre- 
treated Moth these compounds before thej Mere meubated with radioactn e 
iodide 

In the experiments of Table V, 300 mg of thjTOid shces were meubated 
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dt 38° for 30 minutes m a non-radioacti\ e Ringer’s solution contammg 
either thiouracil or thiourea or potassium thiocjanate or p-ammobenzoic 
acid After this prehminaij incubation, the shoes neie caiefulh remoied 
fi om the reaction flask, deposited for about 10 seconds on filter papei pre\ i- 
ously moistened mth Ringei s solution, and then transfeired to a flask m 
nhich the medium contained the radioactne iodide and the same concen- 
tration of the same goitrogenic compound to nhich the shces had alreadi 
been e\-posed The uicuba tion ol the slices u as then continued for 2 hoiiis 
The results obtamed in thk ti pe of penetration stud} did not differ from 
those recorded in Table III ThioiiraciJ, thiourea, and p-aniinobenzoio 
acid at a concentration of m had little effect on the uptake of I“‘, 
whereas this concentration of thioci anate reduced the lodine-concentrating 
capacitj of the ths roid slices to about half of tliat found m the controls 


DISCUSSION 


It IS shown here that thiomea, thiouracil, and alhlthiourea iiilubit the 
conversion of inorganic iodide of the Ringer’s solution to tlnio\ine and 
diiodotmosme bj sun u ing tin loid tissue The extreme sensitn it\ of the 
reaction here mvoh ed to compounds of this tj pe is well brought out m the 
case of alJjlthiourea, tius substance markedh depressed the formation of 
radiothiToYine and duodoti rosine e\ en at a concentration as low as 10“^ m 
p-Aminobenzaia acid and p-aminophem lacetic acid had a pronounced 
effect on the rate of coni ersion ot inorganic iodide to tin roxine and di- 
lodotjTOSine These tw o compounds hai e been shown to be interchange- 
able as essential bacterial metabolites (20) Their use in the present 
ini estigation was suggested not onh bi the fact that thei jiossess goitro- 
gemc actii it} (13) but also because of then structural smnlanti to the 
sulfonamides, which m an earhei studi from this laboratoii were shown 
to depress the com ersion of moi'ganic iodide to thanoxine and duodoti rosuie 
(18, 19) It is of mterest to note here that p-aminobenzoic acid influence^ 
omdatii e processes catalj zed bi t\ rosmase isanski cl al leported 
that the aerobic oxidation of tiiosine is letai-ded bx p-ammobenzoic acid 
(21) It was shown earher in this laboratori that the formation of both 
dnodotiTosme and thx io\me b\ the thx-roid gland is hnked with aerobic 
oxidations in which the citochiome-ci'tochrome oxidase sistem la in 


X olx ed (22) 

-kstwood found that m the mtact rat the administration of sutticieni 
inorganic iodide preiented the goitrogemc effects of tluocjanate but not 
of thiourea or the sulfonamides (12, 13) This retire difference max tmd 
an explanation m the tn iiti o obsen ations made m this laboraton | e 
comparisons 'were made at a single concentiation, namel\ 1 ^ ^ 

found that the action ot thiocxanate differed fiom that of tluourea, 
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ouraci], and p-aniinobenzoic acid The thiee lattei compounds strongly 
inhibited the comeision of the radioactne iodine of the Rmger’s solution 
to thjio\ine and diiodotjiosme, but had little effect on the amount of 
accumulated bj-- the thyioid slice, 10~^ ai sulfanilamide also depressed the 
formation of iadiothjio\ine and radiodiiodotjiosme without appreciablj 
influencing the lodme-concentiatmg capacity of thjroid slices (19) Thio- 
cjanate, on the other hand, decreased the amount of I*’* that entered the 
slice as u ell as the amount recovered as thjTovine and duodotj rosme 

It IS mteresting to mark the close interrelation that exists among thiee 
tjpes of compounds studied here the camnides, thioc 3 mnate, and the 
thiouieas In the animal bodj, the cjanides (both morganic and the 
nitriles) are converted to thiocj'anate (23, 24), whereas m the test-tube 
thiocyanate and thiourea are intercom eitible (25, 26) The extent to 
vhich such comersions aie mvolved m the goitrogenic effects produced bj"^ 
the feedmg of these three types of compounds is, of course, not knoivn at 
present 

It i\as shorni previously m this laboratorj"^ that NaCN strongly inhibits 
the tn vtiro conversion of morganic iodide to th vroxme and diiodotyiosme 
bj survivmg thyroid shces (22) Hence the failure of methjd cyanide 
(Table II) to retard this conversion ev en at a concentration as high as 10~* m 
suggests that thyrroid hyperplasia, nhen produced in the mtaot animal by 
the administration of methyl cyanide (14), is not the result of the action 
of the CH3CN molecule per se upon thyroid tissue but of its detoxification 
product, thiocyanate, or its hydrolysis product, cyanide 

EXPERIMENT XL 

Prepaiahon of Media — The bicarbonate-Rmgei ’s medium used here was 
prepared accordmg to Krebs and Henseleit (27) Radioactne morganic 
iodide (I*^*) was added as a solution of isotonic NaCl, the volume added to 
the bicarbonate buffer was always small m comparison with the total 
volume of the medium The prepaiation of the radioiodme has been 
described elsewhere (28) No I‘” was added to the media used m the 
experiments of Tables I, II, III, and V, hence the only 1“’ present m the 
media of these experiments was that due to impurities m the reagent grade 
chemicals used in preparation of the media 

3 cc portions of this radioactive buffer nere transferred to each reaction 
flask (25 cc Erlenmeyer flask) The vanous compounds shown in Tables 
I to V were then added m 0 1 cc of isotonic NaCl The compounds were 
prepared of such strength that the addition of 0 1 cc to the 3 cc medium 
yielded the concentrations of the compounds recorded m these tables 
The pH of the concentrated solutions of the compounds in isotonic NaCl 
lias adjusted to 7 4 before their addition to the bicarbonate-Rmger’s me- 
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dium In the control eNperiments, 0 1 cc of isotonic ^'aCl containing none 
of these compounds vas added to 3 cc of the radioactne buffer The 
thiouracd vas supplied b}-- the Lederle Laboratories, Inc , to whom our 
thanks are due All other compounds used were of the c p grade 

Preparation of Tissue Slices and Then Incubalion~The thyroid glands 
u ere obtained at the local abattoir from sheep, weighmg approximately 30 
kilos, that were sacrificed b 3 evsangumation The glands were imme- 
diately wrapped m cellophane, packed m ice, and brought to the laboratory 
About 1 hour elapsed between the time the sheep were killed and the sUcing 
of the glands was begun 

The preparation of the thyroid slices has been described elsewhere (17) 
300 mg of slices were transferred to each reaction flask contammg the pre- 
pared medium The bicarbonate-Ringer’s solution was saturated with a 
gas mixture consistmg of 95 per cent 0. and 5 per cent CO 2 before the addi- 
tion of the radioiodide, and the atmosphere in the flask above the hquid 
w as flushed with the same gas mixture immediately after the addition of the 
thyroid slices The flasks were then tightly stoppered and incnbated at 
38° They were gently agitated during the entire period of incubation 

Separation of Thyroxine, Diiodotyrosine, and Inorganic Iodide in Experi- 
ments of Tables I and II — In the experiments of Tables I and II the entire 
contents of each flask, i e slices as well as the medium, were analj'zed for 
radiothyroxme, radioduodotjTOSme, and morgamc I”‘ At the end of the 
mcubation period, 3 cc of 4 n NaOH were added to each flask and the 
contents hydrolyzed for 8 hours on a steam bath The further separation 
was earned out after the manner described by Perlman et al (29) 

Penetration Studies of Tables III and V — ^The shoes were reparated from 
their medium m the followmg manner The hquid m eact flask was de- 
canted The shoes were then immersed for 20 seconds ir 3 cc of a non- 
radioactive bicarbonate-Rmger’s solution This was reneated for another 
20 seconds m a fresh 3 cc portion of non-radioactive bicarbonate-Rmger’s 
solution The slices w^ere then placed on filter paper moistened with the 
bicarbonate-Rmger solution in order to remove excess liquid adhermg to 
the surfaces of the slices The thyroid shces were then transferred to a 
flask contammg 6 cc of 2 N XaOH and hydrolyzed until a homogeneous 


solution wms obtamed 

Peneiiation Study of Table IT— The thjTOid shces were sepaiated from 
the medium m which thej were meubated and washed as described above 
They were then transferred to a flask contammg 6 cc of 2 n XaOH and 
hydrolyzed for 8 horns on a steam bath The procedure emplojedhere 
for the dptermmation of inoiganic F” and organic F” is a modification ot 
that used m the experiments of Tables I and II * , 

Radioactive inorganic iodide was separated from radioth} roxme an 
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radioduodotyrosme m the foUo^^’ing manner 0 1 cc of 0 2 m IQ w as 
added as earner to the above alkaline hydrolysate and the solution made 
acid to methyl orange inth HsS 04 The iodide i\ as oxidized mth lodate 
and the newly formed lodme (Ij) extracted with carbon tetrachloride 
Radioth 3 Tro\me and radioduodotyrosme were contamed m the aqueous 
phase This procedure differed from that used m Tables I and II m that 
the mitial removal of th 3 W 0 Nme with butyl alcohol was not earned out, the 
oxidation of the iodide by means of lodate bemg earned out in the presence 
of thyroxme This procedure juelded two fractions, one of v hich contamed 
the morganic iodide 1'“' and the other the P’* that could not be oxidized to 
I 2 with lodate, the latter contamed the organically bound 1“^ of the hy- 
drolysate 

Delermination of Radioactivity — Ahquots of the various fractions vere 
transferred to Coors milk-ashmg dishes and evaporated to dryness The 
presence of a small piece of lens paper insured an even distribution of the 
sohd matenal on the bottom of the dish A few drops of 2 n NaOH vere 
added to prevent loss of iodine durmg the evaporation The radioactmty 
was measured by means of a scale-of-eight Geiger-Muller counter The 
tube contains a thm mica wmdon (30) 

SUMSIARY 

In order to study the mechanism of action of various known goitrogemc 
compounds, their effects on the in vitro conversion of radioactive morgamc 
iodide (I*®'-) to thyroxme and diiodotyrosme by survivmg thyroid shces as 
well as their effects on the uptake of total 1“^ by the shces were measured 

1 Thiourea, thiouracil, and allylthiourea strongly depressed the conver- 
sion of the medium’s morganic iodide to thyroxme and diiodotvrosme 
Allylthiourea was an effective inhibitor at a concentration as lov as 10”* Ji 

2 Methyl cyanide had no effect on the conversion of the medium’s 
morgamc iodide to thyroxme and diiodot 3 Tosme even at a concentration as 
high as 10~i M 

3 Thiocyanate mhibited the formation of radiothjroxme and ladio- 
duodotyrosme at a concentration as Ion as 10 ~’ m 

4 p-Ammobenzoic acid and p-ammophen 3 dacetic acid depressed the 
conversion of the morgamc iodide of the Rmger’s solution to thjroxme and 
duodotyrosme at a concentration of 10"’ m 

5 At a concentration that stronglj inhibited the formation of radio- 
thyroxme and radiodiiodot 5 Tosme at the expense of the morgamc iodide of 
the medium, namely 10"’ m, thiourea, thiouracil, and p-aminobenzoic acid 
had httle effect on the lodme-concentrating capacity of sunuvmg tlnToid 
slices At this concentration thioc\anate depressed the uptake of radio- 
active iodide by thyroid shces as well as its subsequent conversion to 
thjToxine and diiodotjTOSine 
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THE DETERMINATION OF URIC ACID IN URINE WITH 
CRUDE URICASE* 


By NORWOOD K SCHAFFERf 

(From the Department of Obstetrics and Gynecology, Cornell University Medical College 
and the New York Hospital, New York City) 

(Received for publication, January 17, 1944) 

Blauch and Koch (1) introduced the uncase method for the determmation 
of blood unc acid This n as based on the destruction of uric acid by crude 
uncase, so that the difference m phosphotungstate color before and after 
uncase action n as assumed to be a measure of the true uric acid 

The uncase method has not been apphed to human urme This is of 
mterest as a nen means of checking the specificity of cuiTent methods for 
uric acid m urme Folm (2) and Christman and Ravivitch (3), usmg 
indirect methods for the determmation of unc acid m urme, t e those 
miolvmg the prehmmary separation of uric acid before its colorimetric 
estimation, found that about 90 to 95 per cent ot the ^ alue obtained by 
direct methods ivas true uric acid 

In this report the uncase method has been apphed to the determmation 
of uiic acid m unne and the lesults so obtained have been compaied mth 
those by Folm’s direct method (2, 4) 

Methods 

The tiue unc acid of urme deterramed by the uncase method nas the 
difference between the lalue obtained bj Fohn’s direct method (2, 4) and 
the color lalue for non-unc acid which remained after incubation ot the 
uime with crude uncase 

In order to obtam the color \ alue for the non-unc acid, the urme w as 
diluted to a unc acid concentration of about 0 04 mg per cc A prehinmarv 
direct unc acid determination was done on urme diluted 1 100 oi 1 200 
and on the basis of this a new dilution to 0 04 mg per cc w as made ' 2 cc 
of the diluted urme w ere added to a 50 cc Erlenmeyer flask, follow ed bv 
50 mg of crude uncase powder (1) The flask w as tightlv stoppered, gentlv 
whiiled, and mcubated m an o\en or watei bath at 40-48° foi 2 hours 
Then 2 cc of water, 0 5 cc of 10 per cent sodium tungstate, and 0 o cc 

* Supported b\ a grant from the John *ind Marj R Markle Foundation 

t Present address, Evans Memorial Massachusetts Memorial Hospitals, Boston, 

Massachusetts 

^ With ordinary urine containing 0 3 to 0 6 rag of unc acid per cc a 1 10 dilution 
^\ould be satisfactory 
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of 2/3 N sulfuric acid uere added to the flask, followed by shaking and 
filtenng 

T 0 obtaui the uric acid of the urine bj Folm’s dii ect method the urme u as 
diluted to about 0 004 mg of unc acid per cc on the basis of the prehmmarj 
determmation If protem uas present, it uas removed from the onginal 
unne by acetic acid and heat 

The color u as developed by the Fohn method (2, 4) A Klett-Sumnier- 
son photoelectric colorimeter mth Klett tubes graduated at 5 and 10 cc 
was used 1 cc samples were taken for all determmations 1 cc of di- 
luted unc acid standards were also taken With the direct method these 
contamed 0 003, 0 004, or 0 OOG mg of unc acid per cc and were prepaied 
bj- dilution of the stock standard (5) with w ater 1 cc of w atei u as added 
to another tube for a blank determmation on the Folm reagents 2 cc of 
the urea-cyanide solution were added to each tube, mixed, and followed by 
0 8 cc of the concentrated unc acid reagent After standmg for 20 to 40 
minutes, the solutions w ere diluted to 10 cc , mixed, and read 

The non-unc acid color w as similarly de\ eloped, except that a 0 0004 
mg or other suitable unc acid standard w as used and the final x olume was 
made to 5 cc The same quantities of Folm reagents were taken as when 
the final volume w as made to 10 cc - 

The unknowns were always read against the standard that matched 
them most closely Since the unc acid color was not p-rfectlv stable, 
the blank solution was read mstead of adjusting the zero position of the 
gah anometer with it When there w ere a number of unknowns, the blank 
and standard were read before, after, and sometimes m the middle of the 
unknowns 

The unne m the present study w as pai tly from normal subjects and partly 
from patients with preeclampsia 


ResuUs 


The unc acid x alues of fifteen specunens of human unne, as determined 
by both Folm’s direct and the uncase methods as described, are gixen in 
Table I The true unc acid determmed by the uncase method vaned 
from 12 9 to 93 3 mg per cent This was 94 to 98 per cent and averaged 
96 5 per cent of that by Folm’s direct xalue The non-unc acid color 
aftei pncase action xmned from 0 2 to 2 8 mg per cent and average 
mg per cent, expressed as unc acid 

That unc acid added to urme w as destroy ed w hen mcubated xnth uricase 
IS shown m Table II A solution of sodium or lithium urate was adde 


To reduce the size of the blank the use of 1 co of urea-cj “xhfuncie 

of concentrated unc acid reagent with the 6 cc ' tel from the readings of 

pow der may gix e a small blank If so, it should be subtracted from the ream gs 

the unknovm 
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to urine of known true uiic acid content The calculated total true uric 
acid of the nmture nas compared wath that determined from its color 
lalue for non-uric acid The uric acid destruction in three e\periments 
nas 100, 97, and 101 per cent 


Table I 


Unc Acid in Urine 


Unne specimen 

No 

Folm 5 direct 
method 

^Non unc acid color* 
1 after uncase 

True unc acid 

True uric aad 
Fobn s direct method 


mg per cent 

mg per cent 

mg per cent 

Per cent 

1 

35 4 

2 

3 

33 1 

94 

2 

42 7 

2 

5 

40 2 

94 

3 

52 4 

2 

8 

49 6 

95 

4 

40 7 

2 

1 

38 6 

95 

5 

18 4 

0 

8 

17 6 

96 

6 

34 9 

1 

4 

33 5 

96 

7 

95 S 

2 

5 

93 3 

97 

8 

34 1 

1 

0 

33 1 

97 

9 

31 2 

1 

0 

30 2 

97 

10 

26 1 

0 

7 

25 4 

97 

n 

66 3 

2 

1 

64 2 

97 

12 

75 6 

1 

7 

73 9 

98 

13 

36 5 

0 

7 

35 8 

98 

14 

17 9 

0 

3 

17 6 

98 

15 

13 1 

0 

2 

12 9 

1 98 

Average j 

- 


96 5 


* Expressed as uno acid 


Table II 

Destruction of Unc Acid Added to Unne When Incubated with Crude Uncase 


True uric acid* of I 
unne 

Unc acid* added ! 

True unc acid of 

urine + unc acid , 

Uric acid destruc 
tlOQ 

Found 

Calculated | 

mg per cent 

1 

mg per cent 

1 

mg per cent | 

mg per cent 

per cent 

1 53 

1 46 

2 99 

2 99 

100 

2 17 

1 SO 1 

3 83 

3 97 

97 

1 51 

1 78 

3 33 

3 29 

101 


* The concentration present in the mixture of urine + uric acid 


If there was any decrease of the coloi value for the non-uric acid of 
urine under the conditions of the uncase mcubation, it nould make the 
true uric acid value too high This n as mvestigated on nme specimens 
of urme by determmmg the unc acid t alue b 3 ’’ Fohn’s direct method before 
and after mcubation mthout uncase After mcubation the unc acid 
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Aalues uere from 6 6 per cent lower to 4 0 per cent higher and a-ieraged 
1 2 per cent Ion ei than the mitial % alues and therefore were not sigmficanth 
changed 

Smce the pH optimum for uncase action is 9 2, some of the acid unnes 
neie neutrahzed before thej nere diluted for incubation Howeier, mth 
tno unne specimens the same color lalue for non-unc acid nas obtained 
on acid and neutrahzed samples 

mscussiON 

The present findings are consistent inth those of others (2, 3) using in- 
direct precipitation methods for unc acid, that o\ er 90 per cent of the unc 
acid m unne as determmed bj’- direct colonmetnc methods is true unc 
acid IMoreoier thej' mdicate that about 95 per cent of the color lalue 
determmed by Fohn’s direct method is true unc acid and that therefore 
it is a measure of true unc acid for all practical purposes 

The color determmation for non-unc acid is subject to error owing to 
the \er 3 ' low concentrations measured and this m turn affects the tnie 
unc acid value, since the latter is determined by difference Howei er, a 
Jarge error m this determmation has onlj' a small effect on the true unc 
»d \alue 

^Hnasmuch as crude uncase is used, the specificity of the present uncase 
method rests on the assumption that no color matenal other than unc 
acid IS destroyed bj it 


SUMMARY 

A method is descnbed for the determination of unc acid in human unne 
with crude uncase 

Unc acid determmed on fifteen specimens of urme by the uncase method 
ga\ e 1 alues from 94 to 98 per cent and ai eraged 96 5 per cent of those 
by the Folm direct method 

For all practical purposes Fohn’s direct method is an accurate means for 
the determmation of true unc acid m unne 


The author is mdebted to Dr H J Slander and Dr H C Trimble for 
them cnticism of the manuscript 
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ON THE PUHITY OF SYNTHETIC d^-LEUCINE 

Bt D MAEK HEGSTED and EUNICE D WAEDWELL 

{From the Division of Nutrition, Department of Biological Chemistry, Schools of Medicine 
and Public Health, Harvard University, Boston) 

(Received for publication, January 20, 1944) 

Investigations m this and other laboratones have demonstrated that 
leucme and isoleucme are among the ammo acids essential for Lactobacillus 
arahinosus (1-3) In an attempt further to punfy our basal medium dl- 
leucme was used as a source of leucme rather than Z(+)-Ieucme To our 
surprise an isoleucme reqmrement could not be shown after this change 
was made The dWeucine satisfied both the leucme and isoleucme needs 
of the organism This unexpected findmg suggested that Z(-|-)-leucme 
isolated from natural sources v as free of isoleucme, but that the sjmthetic 
material contamed either isoleucme or some material vith isoleucme ac- 
tivity This paper reports mvestigations upon the isoleucme activity of 
commercial d/-leucme samples and the identification of dZ-isoleucme as a 
contammant 


EXPERIMENTAL 

The basal medium and assay techmques have been described (1) The 
standards used were Z(-f-)-leucme (Merck) for the leucme assays and dl~ 
isoleucme (Merck) for the isoleucme assays Each sample of dZ-leucme 
has been tested for isoleucme activity m at least tv o independent assaj's 
at four different levels 

The results obtamed inth seven different samples of dZ-leucme are shown 
m Table I Four of the seven samples showed unexpectedly high isoleucme 
activity and only two were apparently free of such activity Samples 3 
and 6 w'ere assayed at levels up to 300 y per tube Sample 4 show ed clear 
cut evidence of activity at this level but ivas finally tested at le\ els from 
0 5 to 15 mg per tube Samples of d(— )-leucme, tertiar}’’ leucme, and 
norleucme proved mactii e, thus elimmatmg these isomers as a source of 
isoleucme activity 

Assays of these samples for /(-f-)-leucme are also shown The actinti 
of d(— )-leucme was surprismg and appears to represent true actiiitj, 
smce rotation data indicate that not more than 1 or 2 per cent of Z(+)- 
leucine could have been present in this sample Tins material was of 
necessity tested at much higher levels than the dZ-leucme samples Re- 
coiery of Z(-l-)-leucme added to tubes contaimng (?(— )-leucme was not 
satisfactory if the leucme activity of the d(— )-leucme was taken as 9 2 
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per cent Investigations on the possible stimulatoiy action of d{~)- 
leucine nhen small amounts of I(+)-Ieucme are present are bemp; con- 
tinued 

The leucine sssays upon various leucine pieparations are obviously a 
less accurate mdication of the e\-tent of contamination Hon ever, Samples 
1 and 5 have been assaj^ed repeatedly and appear to be defimtely less 
actne than expected 

Sample 1 has been studied by chemical and fractionation methods 
Chromic acid oxidation by the procedure of Block and BoUmg (4) demon- 


Tabi.e I 

Isohuctne and Lcuctne Aclmlffof Samples of Commercial dl-Leucine and 
Leucine Isomers 


Sample' 

Activjly Compared 
to dt isoleuane 

Leudneconltnl 


iiiH Qm 

fer cent 

df-Leucine, Sample 1 


41 5 

tt t( 2 


45 0 

“ '< 3 

0 0 

57 7 

C< ft ^ 

0 SI 


“ “ 5 

6 78 

32 0 

" n g 

0 0 

51 6 

<f ft 2 

12 2 


d-Leucinet 

0 0 

9 2 

Tertiary leucinej 

0 0 


Norleucine 

0 0 



* The seven samples of dWeucine include products from four different com 
mercial sources 

t The authors are indebted to Dr Sarah Ratner for a generous suppb of d(-) 
leucine and for one of the cd-leucine samples Concerning the sample of d(— ) leu- 
cine, ive quote, with permission, from a letter from Dr Ratner, “The optical rotation 
of this sample indicates it to be the pure d variety , but since the rotation of leucme is 
rather low, the expenmental conditions of estimation are such that the presence of 
1 or 2 per cent of the I form cannot be excluded ’* 

} The tertiary leucine was kindly supplied by Dr David Banner 

strafed the formation of considerably more methyl ethyl ketone than did 
a sample of f('f-)-leucme 

The copper salts of Sample I were prepared accordmg to the procedure 
of Brazier (5) Cold water extraction appeared to remove only small 
amounts of matenal, and they uere then extracted three times with hot 
uatei After the removal of copper from the combined uater extracts, 
isoleucme assay mdicated that approximateb 90 per cent of the mtrogen 
could be accounted for m this fraction as dl-isoleucme Treatment of ttas 
fraction uith p-toluenesulfonyl chlonde yielded the tosyl derivative uhic , 
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upon recrj^stalhzation from benzene, melted at 139° (uncorrected) Mc- 
Chesney and Snann (6) record the meltmg pomt of tosyl-dl-isoleucme as 
139-140° (uncorrected), and an authentic sample of tosyl-dl-isoleucme 
nhich n as prepared melted at 139° A mixed meltmg pomt of 139° identi- 
fied the isolated matenal as dZ-isoleucme * 

DISCUSSION 

Isoleucme appears to be a common contammant of synthetic dWeucme 
It should be stressed, honever, that the data presented in this paper cannot 
be considered as representmg the extent of impunty upon a weight basis 
Data upon the specificity of the leucme and isoleucme requirements, to be 
published as a separate paper, have shown that l(-b)-alloisoleucme has 
isoleucme activit}*^ but to a lesser extent than l(-i-)-isoleucme Synthetic 
methods, such as descnbed by Marvel (7), might be expected to give the 
four isomers m equal proportion, although v e have no data on the origin 
of the matenals or the methods used m dUeucme manufacture The iso- 
lation of pure dl-isoleucme as the tosyl denvative does not preclude the 
presence of alloisoleucmes 

Investigators m biological fields are apt to consider synthetic chemicals 
as pure, at least in so fai as other biologically acti\ e matenals are concerned 
These studies mdicate the need for caution, especially when slight con- 
tammation may be of importance It is of interest that Wood, Geiger, 
and Werkman (8) reported dUeucme and d?-isoleucme to be mterchangeable 
as nutnlites for three species of heterofermentative lactic acid bactena 
Also Snell and Guirard (9) have reported isoleucme to be non-essential for 
Streptococcus lacks E The leucme in their medium was supphed in the 
dl form We^ have found both leucme and isoleucme to be required by 
this organism’ 


SXJMMVRV 

1 Of seven samples of commercial dZ-leucme tested, five shoved ap- 
preciable isoleucme activity when tested bj microbiological assay Three 
samples vere betveen 10 and 20 per cent as active as dZ-isoleucme 

2 dZ-Isoleucme vas identified as a contammant of one of these samples 
by isolation of this ammo acid 

3 The mactivuty of d( — )-leucme, tertiarj dZ-leucme, and (f/-norleucme 
suggests that the total isoleucme activ itj’’ is due to isoleucme or its optical 
isomers 

* The tosyl denv atives and melting point determinations were made by Dr HaU or 
N Christensen We nish to evpress our appreciation for these and for his interest 
and helpful suggestions during this study 

‘ Hegsted, D , and Wardwell, E D , unpublished data 

’ The culture of Slreptococcus lact s R was kindly supphed by Dr E E Snell 
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STUDIES OX ANEiMI\ IN SWINE DUE TO PYEIDOXINE 
DEFICIENCY, TOGETHER WITH DATA ON PHENYL- 
HYDRAZINE ANEIMIA* 

Bt GEORGE E CARTWTIIGHT, MAXWELL M WINTROBE.t and 
STEWART HmiPHREYSt 

{From the Department of Medicine, the Johns HopKins University, Baltimore) 
(Received for publication, Januarj 4, 1944) 

Nutritional microc 3 'tic anemia due to pjTidoxme deficiency has been 
produced in the dog (1-4) and in the pig (5-7) The anemia fads to respond 
either to iron or to copper but is reheved by synthetic pyndoxme Con- 
vulsions and ataxia have been shown b}’' many authors (3-7) to accom- 
pany the deficiency Penpheral nerve degeneration and hemosiderosis 
m the spleen, hver, and bone marrow have been reported by Wintrobe 
et al (7) The hterature on pyndoxme deficiency m dogs and swine has 
recently been reviewed b}”^ the latter workers and they have reported m 
detail the manifestations of pyridovine deficiencv m swme 

Elevated plasma iron levels w'ere first reported by Pouts et al (1) and 
later were recorded by Mcliibbm et al (4) and Wmtrobe et al (7) A 
green pigment-producing substance in the unne of pyndoxme-defioient 
rats was reported b}' Lepkovsky and Nielsen (8) Later Fouts and Lep- 
kov skj' (9) found the substance on the urine of dogs under similar conditions, 
and Wmtrobe et al (7) have reported its piesence m the unne of pyndox- 
ine-deficient pigs Recently Lepkovsk}, Roboz, and Haagen-Simt (10) 
have shown this substance to be xanthurenic acid, a metabohe product of 
I tr} ptophane metabohsm 

The purpose of this paper is to attempt to elucidate the mechanism by 
which anemia due to pjTidoxme deficiency is produced by ascertainmg the 
extent of blood destruction and b 3 '’ seekmg the cause of the elevated serum 
iron 


Materials and Methods 

Animals — Full details of the experimental methods have been giv'en 
elsewhere (11) Pigs were obtamed from the Bureau of Animal Industix^ 
Umted States Department of Agriculture, Beltsvulle, Mar 3 dand For this 

* 4.]ded by grants from the RocLe/eller Foundation, Parke, Dav is and Companv , 
and The Upjohn Company, and carried out in cooperation with the Bureau of Animal 
Industn , United States Department of Agriculture 

The authors are indebted to Miss Patncia Jones, Miss Phjilis Fan, and 
Miss Marion Weiner for their technical assistance 

t Present address, School of Medicine, Universitv of Utah, Salt Lake Citj, Utah 
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Study twenty-seven animals were used Thej were receued at approxi- 
mately 3 Meeks of age and Mere divided mto the following experimental 
groups eleven pigs, pjTidoxme deficiency, fixm pigs, iron deficiency, three 
pigs, combmed pyndoxine and iron deficiency, one pig, hemoljdic anemia 
(phenylhydrazme) , seven pigs, manition controls 

Diet— The animals Mere fed the basal diet consistmg of Sheffield “new 
process” casern 26 1 per cent, sucrose 57 7 per cent, lard 11 Oper cent, salt 
mixture (Swme Salt Mixture 3 (11)) 5 2 per cent In addition theyreceived 
cod bver oil (Mead Johnson, 1800 units of xutamm A, 175 units of vitamin 
D per gm ), 0 5 gm per kilo of bod 3 ' m eight dailj*' Vitamins were supplied 
m crystallme form b}' placmg them m capsules and administenng them 
orally The quantities of crj'stallme vitamins when these were given were 
as follows (mg per kilo of bod} weight daily) thiamme h}’’drochlonde 
0 25, nboflamn 0 12, nicotinic acid 1 20, pyndoxine h 5 '’drochIonde 0 20, 
pantothenic acid 0 50, p-aminobenzoic acid 0 50, mositol 1 20, cholme 10 0 
In addition to the aboxe diet the animats were gi\en all eight xitamin 
supplements for 1 w eek After this time the pjTidoxme hvdrochlonde was 
omitted from the xitamm suoplements gixen the pj-ndoxme-deficient 
group, iron p 3 Tophosphate was omitted from the salt muxture given the 
iron-deficient group, and both the pxTidoxme and iron salt were omitted 
from the diet of the combined p 3 ridoxine- and iron-deficient group The 
control animals were fed the same amount of diet as the p 3 ’ndoxuie-defi- 
cient group consumed, thus makmg them munition controls It should be 
noted that the iron deficiencx in the animals given no iron pyrophosphate 
w as not absolute, since the other salts fed no doubt contained small amounts 
of iron 

Bihnibin Determinations — These were made b} the method of Malloy 
and E%el 3 Ti (12), with the Eiehii photoelectric colorimeter 

Urobilinogen Determinations — These were made b} the method of Watson 
(13) The color developed b} Erhheh’s reagent was measured on the 
Ex el}!! photoelectric colorimeter Urine collections wnre made according 
to the method of Watson for 24 hour periods and the stools were collected 


contmuously for 4 davs 

Unnary Porphyrin Estimations — These were made by aenMying 100 ml 
of fresh urme with glacial acetic acid and then extracting with an equa 
volume of eth}! ether This ether-soluble porph 3 Tm fraction 
purified accordmg to the method of Dobrmer (14) Finally the tota^ 
ether-soluble fraction in 5 pei cent h 3 drochloric acid was placed m a u- 
orometer and the degree of fluorescence was noted and recorded m p 
xaluesrangingup toeight Ifanmcreased amountof 
the protoporph3Tm, deuteroporphxnn, and ‘=°P™P“"P^ ^ j Auores- 
separated accordmg to Dobrmer’s procedure Again the degree 
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cence was noted By this method even a shght mcrease beyond normal 
could be detected, although no attempt was made to measure the por- 
ph5Tm output m absolute figures 

Senim Iron Determinattons — ^These were made by precipitatmg 5 ml 
of serum -with tnchloroacetic acid at 90° The filtrate was then adjusted 
to pH 6 with ammonium hydroxide and the won detenmned with a,<x- 
bipjmdme after reduction with thioglycohc acid A correction factor was 
added for the amount of iron which was earned down by the protem precip- 
itate Serum iron determmations by this method were accurate withm 
±10 per cent Great care a as taken m cleanmg the glassware and makmg 
the reagents free of iron 

Urinary Iron Determinations — The unne nas digested with sulfunc acid 
and redistilled mtric acid The non content was then determmed with 
af,a-bipyndme 

Xanthurenic Acid Excretion — This was determmed quahtatively by 
neutrahzmg the unne to htmus, addmg a few drops of ferric ammomum 
sulfate, and filtenng The depth of the green color was recorded by plus 
%alues rangmg up to four 

Dialyzdble Iron Determinations — 15 ml of serum were obtamed and 5 ml 
used for serum non analysis 10 ml were then pipetted mto a cellophane 
bag equipped with a weighted sealed tube to mcrease the dialj zing surface 
The serum was dialyzed at 37° against 10 ml of glass-redistilled water for 
48 hours, the water changed, and the dialysis contmued for 24 hours longer 
The serum was then removed, the volume measured, and 5 ml used for 
analysis The percentage which dialyzed was calculated and termed 
“dialyzable serum iron ” An additional 5 ml from the dialyzmg bag were 
placed m a second cellophane bag equipped with a weighted sealed tube and 
6 ml of 0 2 N sulfunc acid were added This was then dialyzed agamst 
10 ml of 0 1 N sulfunc acid at 37° as before The per cent which had then 
dialyzed was termed “acid-dialyzable serum non ” Controls were run 
on the glassware and reagents All dialj'^zmg bags and glassware nere 
soaked m acid and rinsed many times with glass-redistilled water before 
use 

Studies on Blood Destruction — Measurements of blood destruction nere 
made on pyndoxme-deficient pigs by detemniung urobihnogen excretion 
m the unne and stools, porphynn excretion m the urine, and bilirubm 
and icterus mdex of the blood It seemed desirable also to make similar 
measurements m a pig m nhich hemolidic anemia had been produced by 
ginng phenylhydrazme, as well as m animals m which there was dimin- 
ished hemoglobm formation as the result of iron deficiency 

The results obtamed when a pig was given phenylhydrazme h> drochloride 
are summarized m Table I The determmations of hemoglobm, lolume 
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of packed red cells, reticulocjdes, icterus index, semm bilirubin, and serum 
non neie made dailj but m Table I thej are averaged for 4 day periods 
4 day stool and 2 daj unne collections ivere made and analyzed for uio- 
bilmogen but the results are expressed as mg per 24 hours Urinary 
porphyrm collections veie made on aliquots of 24 hour unne collections 
The pig excretes less urobilmogen m the stool and unne under noimal 
conditions than might be expected Furthermore, the normal serum bili- 
rubin IS extremely Ion and, as can be seen, does not nse to great heights, 
e\en nhile severe hemobsis is takmg place This is consistent with the 


Table I 


Phejiylhydraztne Anemta 


Period 

Phcni I 
h>dra 
zme 

Hb 

, 

Hema 

tocnt 

Reticu 

locytes 

Icterus 

indet 

Biluu 

bin 

' Serum 

1 iron 

Urobilinogen per 24 hrs 

Porp’*^ 

rinuiia 

Unne 

Stool 

Total 

days 

Sm per 

4 days 

gm per 
cent 

cc 

Per cent 

per 

cent 


fng per 
cent 

Iper'cent 

tng 

mg 

mg 


1- 4 

0 


11 

2 

38 

3 

1 

6 

2 

0 

3 

I 173 

0 

1 

0 

4 

0 4 

0 

&- S 

0 

5 

10 

7 

36 

3 

1 

7 

•J 1 

0 

1 

; 284 

0 

1 

1 

4 

1 4 


(hl2 

1 

5 

10 

3 

35 

9 

7 

0 

5 ! 

0 

2 

{ 368 

1 

0 

2 

5 

3 5 

2+ 

13-16 

3 

0 

10 

9 

33 

5 

10 

6 

6 

0 

6 

1 354 







17-20 

1 

0 

9 

3 

32 

4 

23 

0 

13 ' 

1 

1 

1 316 

0 

1 

11 

4 

11 4 

4+ 

21-24 

3 

0 

8 

2 

30 

7 

31 

2 

10 1 

1 

3 

295 

1 

0 

39 

8 

10 8 


25-28 

4 

5 

6 

7 

29 

5 

57 

2 

13 J 

0 

9 

1 342 

0 

1 

92 

7 

92 8 


29-32 

4 

0 

6 

6 

27 

8 

45 

6 ' 

15 

1 

8 

! 352 

1 

6 

27 

1 

28 7 


33-36 

•1 

0 

6 

4 

26 

2 

66 

0 , 

20 

2 

5 

218 

3 

4 

33 

5 

36 9 

s+ 

37-40 

4 

0 

5 

0 

30 

7 

50 

8 

27 

2 

7 

175 

1 

0 

16 

6 

17 6 

S+ 

41-44 

4 

0 

5 

3 

28 

7 

59 

0 i 

26 

1 

9 

123 

3 

1 

33 

7 

36 S 


45-48 

4 

0 

5 

6 

24 

4 

37 

2 ' 

27 ' 

3 

4 

127 

8 

5 

24 

8 

33 3 


49-52 

4 

0 

5 

6 

30 

3 

33 

2 1 

21 

3 

2 

118 

28 

6 

142 

8 

171 4 

1+ 

53-56 

4 

0 

6 

3 

30 

5 

34 

1 1 

25 

2 

3 

166 ; 

15 

2 

45 

5 

60 7 

3-1- 

57-60 

4 

0 

5 

2 

29 

8 

21 

6 1 

28 1 

2 

1 

114 1 

4 

0 

9 

2 

13 2 


Average 







1 

1 

18 1 

1 

8 

j 5 6 

39 9 

45 5 



statement of Lemberg (15) that the pig’s seium contams only small quan- 
tities of bihrubin 

We have been unable to find an account of phenylhydrazme or hemolj tic 
anemia m sivme and foi this reason report our data m some detail The 
results mdicated that as the hemohtic anemia developed a massive retieu- 
locatosis occurred, the icterus mdex and serum bihrubm rose, and the 
inobilmogen and porphyim excretion increased This is m accord mth 
observations on other species The porpharmuria was consistently clue 
to an mcrease m the coproporphyrm fraction The 
deuteroporphyrin fractions remamed unchanged ^ the d^tmc 
increased the stools and urme became increasingly darker It is of mteres 
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that at the end of the experiment, m spite of the contmued large doses of 
phenylhydrazine, the percentage of reticulocytes, the serum iron, and the 
urobilmogen and porphyrm excretion tended to dimmish This would 
seem to mdicate a diimnution m blood mass and consequently a dimmution 
in the amount of hemoglobm uhich uas available for hemolysis 
Table II piesents a summaiy of the studies on blood destruction m 
P3ridoxme anemia, phenylhydrazme anemia, iron deficiency anenua, and 
in control animals The difference between the total urobilmogen excre- 
tion of the pjmdoxme-deficient group, the control group, and the iron- 

Table II 


Studies on Blood Destruction 



! 

Pyridoiine 1 
deficiency j 

1 

Iron 

deficiency 

Phenyl 

hydrazine 

anemia 

Inanition 

controls 

No of animals 



2 

1 

5 

Hemoglobm terminal mean gm ter cent i 

9 6 

9 3 

S 2 

13 6 

range 

1 

1 

6 1-12 0 

9 2-9 S 

1 

13 2-M 7 

Icterus index 

I Mean 

3 

3 

18 

3 


Ranee 

1-6 

1-5 

5-28 

1-6 

RetiGu]oc3^es, % 

Mean 

! 1 

1 

38 

1 


Range i 

'0 2-7 0 

0 2-6 4 

7 0-66 0 

0 1-3 2 

Porphyrinuria 

Mean 

0 

0 

5+ 1 

0 

Serum bihrubm, total, 

« 

1 0 18 

0 55 

1 87 

0 48 

mg % 

Range 

' 0 04-0 45 

0 54-0 56 

0 2-3 4 

0 08-1 09 

Urobilmogen excretion, 






mg ■per S4- hrs 






Urine 

Mean 

0 1 

0 1 

5 6 

0 1 


Range 

0 0-0 2 

0 0-0 2 

0 1-28 6 

0 0-0 2 


Mean 

I 3 

I 6 

39 9 

0 6 

Stool 1 

Range 

0 1-3 6 

1 3-2 0 

2 5-142 8 

0 2-1 3 

Total 

Mean 

1 3 i 

1 6 

45 5 

0 6 

j 

Range | 

0 1-3 6 1 

1 3-2 0 

' 3 5-171 4 

0 2-1 3 


deficient group is not significant The loner value for serum bihrubm 
m the pyndoxme-deficient animals as compared mth the control and iron- 
deficient animals is also not significant The a\ erages given for the animal 
with phenylhydrazme anemia are calculated from the 9th through the 
60th day 

It is clear that pyridoxme anemia does not correspond mth a hemol 3 ’tic 
anemia There is no comparable reticuloc 3 tosis, elevation of icterus mdex 
or serum bihrubm, and no mcreased urobilmogen excretion The onl 3 
feature nhich phenylhydrazme anemia and p 3 mdoxme anemia haie in 
common is the mcrease m serum iron above normal 
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Serum Iron Studies— -Tahh. Ill presents a summary of the serum iron 
deternunations The results are illustrated m Fig 1 In the control 
animals the serum iron i alues in most instances ranged between 90 and I 8 O 7 
per cent The highest value obtamed m a control animal was 218 y per 
cent, and the lowest 71 7 per cent In pyndovme deficiency the mcrease 
m serum iron began at approximately the 4th week of the deficiencj and 
reached its maximum (350 to 600 7 ) betw^n the 5th and 10th weeks 
Follow-ing this the serum iron tended to fall off In about half of the pjTi- 
doxine-deficient animals the serum iron fell to levels of 180 to 250 7 per 


Table III 

Summary of Serum Iron Determinations 



Control 

No of a&unals 

Duration of experiment mean 

7 

Duration of experiment range 

107 

days 

Vo of determinations of serum { 

32-151 

iron 

85 

Hemoglobin, terminal, 
gm %, mean* 
Hemoglobin, terminal, 

14 0 ± 0 45 

range 

Hematocrit, terminal. 

i 

cc •per 100 cc , mean* 
Hematocrit, terminal, 

41 3 ± 1 67 

range 

Mean corpuscular vol- 
ume, cu ft, mean* 

Mean corpuscular vol- 

54 4 ± 1 84 

ume, range 

Serum iron, y %, mean* 

142 7 ± 5 32 


Deficient in 


Piridoxme 

Pyndoxine 
and iron 

Ifca 

M 

3 

5 

93 

no 

79 

46-119 

74-172 

28-122 

93 

31 

51 

S 9 ± 0 89 

3 9 

9 0 


3 8-4 0 

7 4-9 7 

29 3 ± 2 51 

15 2 

29 8 


14 0-16 7 

24 0-32 4 

41 0 ± 1 41 

33 7 

41 8 

373 6 d= 14 31 

30 -38 : 

52 4 ± 3 23 ' 

38 -47 

J8 0 ± 2 31 


* ± the standard error of the mean 


cent durmg the 2 weeks precedmg death In the iron-deficient animals 
the serum iron dropped to values of 30 to 75 7 per cent withm 2 weeks 
and the values remamed at this level throughout In one animal pjaidox- 
me deficiency was produced first and then iron deficiency was supenmpose 
At the end of 3 weeks of the pyndoxme-deficient regime, the serom iron 
had nsen to 240 7 per cent At this time the iron was removed from the 
diet By the end of 30 days the serum iron had fallen to 59 7 per cent 
Combined pyridoxme and iron deficiency resulted m a grater aneim 
th» “ ther dScency .toe T.bk III) Ke relume of p.elrf md 
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cells and hemoglobin was significantly lower The combmed deficiency 
also resulted m a lower mean corpuscular volume, which m one nnimnl 
reached a low of 24 cu m The hemoglobm at this time was 2 gm percent 
and the animal was so weak it was unable to stand for any length of tune 
The relatively mild anemia occurrmg m the iron-deficient animals (Table 
III) IS not surpnsmg, smce these animals were only partially deficient m 
iron 

It seemed possible to us that the symptoms and pathology of pyndoxme 
deficiency might m part be due to iron toxicity but we were unable to 
detect any alteration m ataxia, convulsions, fatty hver, output of unnary 
pigment, or neurological lesions m the combmed deficiency m comparison 
to deficiency of pyndoxme alone It is to be noted, however, that the 



Fig 1 Serum iron values for a representative animal in each group 


hemosiderosis we have described m pyndoxme deficiency (7) was entirely 
prevented m all three instances m which iron deficiency was associated 
with lack of p 3 rndoxme 

Iron Excretion Studies — Unnaiy iron determmations were made on 
animals before and durmg the development of pyndoxme deficiency, and 
on control animals The control animals excreted m the urme an average 
of 1 1 mg of iron per 24 hours, while the p 3 Tidoxme-deficient animals 
excreted an average of 1 0 mg per 24 hours before the deficiency developed 
end 0 9 mg m 24 hours durmg the deficiency These difi’erences are not 
significant AH n-minnlR excreted extremely small quantities of iron m the 
orme IVom this it is obvious that unnary excretion of iron is of no prac- 
tical significance Even the above values are m aU probabihty high, smce 
collections entirely free from stool and cage contammation were impossible 
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anemia due to PIRIDOVINE DEFICIENCY 


Iron balance studies were attempted The lesults m ere extremeh i an- 
able, but suggested that pyrido\me-deficient animals retain more iron than 
control animals However, difficulties m analysis, stool coUection, and 
exact measurement of dietar 3 ^ intake were so great that trustworthj- results 
could not be obtamed 

Dialyzable Sei-um Iron— Tompsett (16) has shown recently that the dial- 
ysis of plasma iron depends upon its state as ferrous or ferric iron Ferrous 
iron IS ultrafiltrable, wheieas feme iron is not Acidification of plasma 
caused a reduction of iron to the ferrous state, ivith a consequent change 
fiom a non-ultrafiltrable to an ultrafiltrable state For this reason dialysis 
studies 11 ere made on the semm of pyridoxme-deficient pigs to determine 
the state of the iron The results are given m Table IV Exammation of 
the number of miciograms of iron which dialjzed agamst vater in these 
anmials, as compared luth controls, leieals that approximately the same 


Table IV 


Dialysis of Serum Iron 


SfnuTt troa 

Control 

determtaations) 

U ±SEm 

Pyndoxme de6c»ency 
(8 deferramatfOfis/ 

V ±SZn 


Initial, 7 % 

149 8 ± 14 08 

370 8 it 43 75 

4 81 

Dialyzable, % 

24 7 ± 1 78 

12 1 ± 2 12 

4 51 

“ 7% 

36 3 ± 3 7 

43 1 ± 8 59 

0 73 

Acid-dialyzable, % 

80 2 ± 2 02 

71 2 ± 4 41 

1 85 

“ r% 

119 0± 10 41 

259 1 ± 30 14 

4 39 


* The difference between the means, divided by the standard ue/iation of the 


difference 


total amount dialyzed m both groups This mdicater that approximately 
95 per cent of the increased serum iron m the serum of the pyridoxine- 
deficient animals is m a non-dialyzable form as feme iron The results on 
dialj^sis with acid, howevei, mdicate that the greater proportion of this 
iron IS reducible with acid It must be noted, of course, that conclusions 
concemmg the state of serum iron tn vivo must not be drawn from these 
VI tniro studies Furthermore, it should be pomted out that the percentage 
of iron dialyzable followmg acidification depends upon the acid used and 
its concentration 

Unnary Porphynn Studies— Beca-use of the possibihty that protopor- 
nhyrm was bemg synthesized normally, but not utilized, urmary porp } rm 
studies were made m alt pyndoxme-deGcient animals It seemed logical 
that if iron could not be utilized and vas stored m the tissues and cained 
m excess m the serum the same might be true of protoporphyrm How- 
ever at no time vas an mcreased excretion of unnary porphyrin found m 
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pyridoxine-deficient animals If porpliyrms nere foiined normally, they 
nere broken domi and not excreted as such m the urme 
Effect of Various Substances on Pyndoxine Anemia — If the formation of 
hemoglobm proceeds through pyrroles, porphyrm, and heme and if the 
anemia of pyndoxme deficiency is caused by a defect m the formation of 
one of these substances, it seemed possible that by supplymg these sub- 
stances or their precursors hemoglobm formation might be made to proceed 
at a normal rate and manner The results of these experiments are sum- 
manzed m Table V The chlorophyll and sodium magnesium chloro- 
phylhn were used as a source of porphyrm Punfied hver extract was 

Table V 


Effect of Various Substances on Pyridoxine Anemia 


Tie 

Therapy 

Hb 

Hemato- 

crit 

change 

Reticu 

No 

Substance 

Dose per day 

DurA 

t)on 

change 

locytes 







gm per 
cent 

ec per 
cent 

per cent 

7-SO 

Chlorophyll, gm 


0 4 

Subcutaneous 

10 


-6 0 

6 4 

7-84 

Na Mg chlorophylhn, gtn 

1 0 

Oral 

8 

-17 

-h6 9 

2 4 

7-80 

Liver extract, units 


10 

Intramuscular 

■El 


-1 8 

0 8 

7-82 

it it ft 


10 

tt 

s 

EgiTil 

-3 4 

4 2 

7-78 

Tryptophane, gm 


0 5 

Oral 


gtBtl 

-f 2 0 

0 8 

7-80 

a a 


0 S 

tt 

14 


-4 0 

11 4 

7-79 

Corn oil, gm 


so 


4S 

-4 3 

-12 4 

3 0 

7-83 

a it it 


SO 


9 


-2 0 

1 8 

7-78 

Crude Hb, gm 


100 

tt 

13 



0 4 

7-78 

Hemin, gm 


1 0 

ti 


+1 6 


0 8 

7-80 

Iron ascorbate, mg 


so 

Intravenous 


+3 1 

4-8 0 

12 4 

7-78 

it it it 


so 

(( 


-3 7 

-14 6 

1 2 

7-79 

it ti ti 


so 

tt 

20 

-1 1 

-3 0 

2 6 

7-78 

it ti ft 


so 

it 

7 


4-1 4 

0 6 


given to two animals to ascertam whether the anti-pemicious anemia factor 
would be effective m rehevmg this anenua There was no significant effect 
Because of the relationship between pyndoxme deficiency and tryptophane 
metabolism, as shown by Lepkovsky et al (10), and because of the possi- 
bility that tiyptophane is concerned with porphyrm sjmthesis, this sub- 
stance was tned In the first animal (Pig 7-78) no response was obtamed 
In the second anunal (Pig 7-80) a reticulocyte mcrease of 11 8 per cent oc- 
curred However, because of an absence of hemoglobm and hematocrit 
response, it was concluded that this reticulocytosis was not significant It 
nas noticed that the urmary excretion of xanthurenic acid m these animals 
Mas greatly enhanced This confiims the findmg of Lepkovskj and co- 
vorkers (10) 















180 


ANEMIA. DUE TO PYHIDOXINE DEFICIENCl 


The synergistic action between unsaturated fatty acids and pyrido\me 
m the alleviation of acrodynia m the rat, produced by a diet inadequate in 
the essential unsaturated fatty acids, has been described by Quackenbush 

etal (17) Therefore, it seemed desirable to determine whether these fatty 

acids would affect pyridoxme anemia Their ineffectiveness in this respect 
can be seen m Table V (com oil) 

The possibihtj occurred that, although there is marked storage of iron 
m the tissues of pjTidoviDe-deficient animals and although the serum iron 
is elevated, the iron might in some nay be m a non-utihzable form To 
test this, iron ascorbate was given intravenous^ to Pig 7-80 A definite 
response seemed to occur and at thp same time the hemoglobm and hemato- 
crit rose On the 9th day the reticulocytes reached 12 4 per cent and 
remamed at this level for 3 days However, since the animal died at the 
end of this experiment, the value of this observation seemed questionable 
Iron ascorbate vas then given to two additional animals, m one animal 
twice In all three instances there was no effect Therefore, it was con- 
cluded that the response in Pig 7-80 was caused by some other factor and 
W’as not due to the iron given intravenously 


DISCtJSSrON 


The theoretical factors which could cause a rise in serum iron are six, 
namely, increase m the absorption of iron, decrease m the excretion of iron, 
decrease m utilization for hemoglobm synthesis, mcrease m the iron lib- 
erated from hemoglobm by hemolysis, increase in iron hberated from the 
tissues, and diminished uptake of iron by the tissues We have shown that 
m pjridoxme deficiencj iron m the tissues is abundant It would seem 
then that the iron is gomg from the serum mto the tissues at an increased 
rate and, therefore, it is unlikelj that the ferremia could be due either to 
mcrease m iron hberated from the tissues or to dimmution of the iron taken 
up by the tissues Tliat there is not an increased rate of hemol3fSis can be 
seen from Table II Therefore, the fenemia must be due either to a con- 
tmued or mcreased retention of non, either through mcreased absorption 
or decreased excretion in the mtestmes, or is due to diminished hemoglobin 


formation, or a combmation of both 

A dimmution m hemoglobm formation occurs, since anemia develops 
WTthout evidence of hemolysis That this factor alone is not great enoug 
to cause a ferremia is mdicated by the fact that m combined pyn oxine 
and iron deficiency the ferremia and hemosiderosis do not occur, an 
m anemia due to protem deficiency,* which is equally severe, ferreima an 
hemosiderosis of the tissues are not present It would seem that the ler- 
reima of pyridoxnne deficiency is caused by contmued retention o iron 


iWmtrobe, M M , and Cartwneht, G E , unpublished data 
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time ■when its utilization for hemoglobin formation is at a minimum 
Whether iron is retamed normally or whethei the retention is mcreased m 
pjTidoMne deficiencj^ we are unable to state The possibihty that the 
retention is mcreased m pyndoxme anemia is mteiestmg, smce this would 
be a stnkmg e\ception to the findmg of Halm and Whipple (18) m dogs 
and m humans (19) , namely, that the absorption of iron is dependent on the 
need of the body for iron In such conditions as pernicious anemia and 
hemochromatosis, m which the iron stores aie abundant, these w^orkers 
(19) found that there is very little absorption of iron In pyndoxme defi- 
ciency tissue iron is abundant, its utilization is dimmished, and yet the 
body contmues to absorb iron 

Smce combmed pyridovme and iron deficiency pi events ferremia, it 
might be expected that there would be no ferremn m natural pyndoxme 
deficiency m humans, if such exists For, if the diet w’ere so poor as to be 
deficient m pyndoxme, it would also be hkely to be deficient m iron This 
IS in keepmg wnth our findmgs- and wath the findmgs of Moore et al (20) 
that 1 itamm-depleted patients have low rathei than high serum iron levels 

Pyndoxme anemia is similar to pernicious anemia m several respects 
In both conditions there is an mcrease m serum iron, hemosiderosis of the 
tissues, hjiperplastic bone marrow, and neurological lesions That they 
are not the same is evidenced by a microcytosis m one and a macrocytosis 
m the other Also, pyndoxme anemia does not respond to hver extract 
and pernicious anemia^ does not respond to pyndoxme However, smce 
they are similar m several aspects, knowledge of the mechanism of pyridox- 
me aneima might aid m elucidatmg the mechanism of pernicious anemia 

SUMMARY 

1 The catabohsm of hemoglobin m the pig proceeds m a manner similar 
to that m man 

2 Studies on serum bihrubm, per cent of reticulocytes m the blood, ic- 
terus mdex, urobilmogen excretion in the stool and urine, urmary ex- 
cretion of porphyrm, and comparison with anemia induced by phenyl- 
hjdrazme, mdicate that an mcreased rate of hemolysis does not occur m 
pjndoxme deficiency 

3 By restnctmg the dietary mtake of iron m pyndoxme-deficient ani- 
mals, the hemosiderosis of the tissues has been prevented, and the ferremia 
has not only been prevented but the serum iron has been mamtamed at the 
low level seen m iron deficiency 

4 The ataxia, comuilsions, neurological lesions, and fatty livers of 
Pyndoxme deficiency were not altered by hmitmg the iron mtake m the 
combmed deficiency 

• Cartw nght, G E , and Wintrobe, M M , unpublished data 
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5 The urinary excretion of iron in pyndoxine deficiency is insignificant 
and IS not altered fioin the normal 

6 The increased non m the serum of pyridoxme-deficient animals is m 
the feme state 

7 Chlorophyll, sodium magnesium chlorophylhn, anti-pemicious anemia 
hver extract, tcj’^ptophaiie, corn oil, crude hemoglobin, hemin, and iron 
ascorbate were meffective m stimulatmg blood formation in pyridoxme- 
deficient animals under the conditions of this experiment 

8 Ex'idence is presented that the ferremia and hemosiderosis are due to 
the contmued absorption or decreased excretion of iron at a time irhen its 
utilization for hemoglobin formation is at a mmimum and xvhen the bod\ 
tissues are abundant mth non This is an exception to the observation 
that m other types of anemia the absorption of iron appears to be dependent 
upon the need of the bod}’’ for iron 
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THE STRUCTmL\L SPECIFICITY OF CHOLIFJE FOR THE 
GROWTH OF TYPE III PNEUMOCOCCUS* 
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Rane and Subbaiou (1) hate shown that chohne is lequired for the 
growth of pneumococci In piehminaiv cxpeiiments de')igned to develop 
a miciobiological assay foi choline it was found that ethanolamme would 
support the growth of a stiam of Tjpe III pneumococcus in the absence 
of choline Other compounds i elated to chohne and ethanolamme weie 
then tested for their activity in piomoting giowlh of this oigamsm The 
compounds studied were chosen to investigate the stiuctural specificity 
of cholme for the growth of the pneumococcus as vvell as the manner m 
which it and the related compounds act It was found that the active 
compounds contamed N — C — C — OH oi N — C — C — C — OH Imkages 
Substitution of or through the hy'drovyd gioup lesulted in complete inac- 
tivation of the molecule Ethanolamme was the only naturally occurring 
substance which supported growth in the absenre ol cholme However, 
10 times as much ethanolamme as cholme on i moleculai basis was re- 
quired to produce maximum growth 

*EXPI.RIVIE.VTAL 

Organism — CHA stiain of Type III pneumoioccus obtained from Di 
L H Schmidt at the Christ Hospital Institute foi IMedical Research, 
Cmcinnati, was used throughout this work The ^tock culturewas passed 
through nuce three times a week and the heart blood cultured m veal- 
phosphate bioth The moculum was prepared bv subculturmg 0 1 ml of 
the stock culture mto veal-phosphate broth eniiched with 01 pei cent 
glucose and meubatmg 6 hours This young ciiltine was centrifuged, 
washed, and resuspended in an equal volume of the sterile basal medium 
0 1 ml of this suspension was used to inoculate 10 ml of the medium 
1/cdium — A semisynthetic medium developed m this laboratory sup- 
poi ted luxuriant grow th of this organism * The con'^tituents of the medium 
without cholme are given m Table I I\Iaximum grow th of the Tyqie 

* The data are taken from the dissertation submitted to the Faculty of the Gradu- 
ate School, University of Cineinmfi June 1043, in partial fulfilment of the require- 
ments for the degree of Doctor of Philosophy 

t Christ Hospital Fellow in Biological Chcmistrv , Uzu\ ersitv of Cincinnati 
' Details of this medium w ill appear in a separate paper 
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CHOIilNE IN PNEUMOCOCCUS METABOLISM 


III pneumococcus 'was obtamed m this semisynthetic medium inth 
the addition of 5 7 of choline chlonde per ml of medium The addition of 
chohne chloride of from 0 1 to 5 7 per ml resulted m a correspondmg m- 
crease m growth as measured turbidimetrically No measurable growth 
occurred when the cholme was omitted Stock solutions of the vitamins, 
except ascorbic acid, vere made up separately m such concentrations that 
01ml of each was sufficient for 10 ml of medium The ascorbic acid v as 
weighed and added to the medium just before autoclavmg 


Table I 

Semtsynlhettc Medium for Type III Pneumococcus 


Basal medium* 

Vitamin free casein hydrolysate, gm iV 
KHjPOi, gm 
MgSOi 7H,0, gm 
Cystine, mg 

Distilled water to make 800 ml 
Added to 8 ml portions of basal medium 
Calcium pantothenate, y 
Nicotinic acid, 7 
Biotin (crystalline), y 
Thiamine, y 
Creatine, y 
Ascorbic acid, mg 
Devtrose,t mg 


0 5 
5 0 
0 4 
25 0 


10 0 
10 0 
0 01 
20 0 
50 0 
3 0 
50 0 


• The pH of the basal medium was adjusted to 7 8, the mixture 
boiling, ffltered while hot, and stored in the refrigerator at least 2 days befo 
t Added to the medium after autoclaving 

Procedure 

The growth tests were earned out m Pyrex test-tubes nhich had been 
matched m the turbidimeter The compound to be tested w^s ad 
these tubes in molecular concentrations equivalent to 5 7 ch^e U 
per ml of medium The medium was then added, j^at 

SptolOml with distilledwater, and the tubes autoeW^^^^^^ 

10 pounds pressure The sterile glucose was until 

tubes moculated If growth resulte^ ^oXo^^ed was determined 

rSln ofthecompound,aividerrangeof 

e-ai - 5 
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None of the compounds tested inhibited oi acceleiated gronth m the pres- 
ence of optimal concentiations of choline 

Measurement of Growth — Giowth nas measured turbidimetiicall} m a 
comparator desciibed b} Kiebselnf (2) TJie turbidityn hich de\ eloped 
in tubes contammg the \aiiou3 compounds nas compared after 12 hours 
incubation mth that produced in tubes containing 0, 1,3, and 5 7 of choline 
chloride per ml "l^Tieie theie nas slight 01 no gionth, the cultures Meie 
allowed to meubate at least 36 hours to allow time for slow utihzation to 
Iiecome apparent Since the amount of activit} showoi withm 12 hours 
was unaltered qualitative!} 01 quantitatn ely on further incubation, onh 
the results of the 12 hour incubation period are gi\ en here 

Source of Compoimds — We aie mdebted to Di Halvor Christensen for 
the calcium salt of the phosphor} Icholme chloride, to Dr V du Yigneaud 
foi the dieth}lmethyl-; 8 , 7 -dihydio\}'propylammonium chloride, o!,a-di- 
methylcholme chloride, triethylcholine chloride, and diraethyleth} Ihi - 
droxyeth} lammonium chloride, to the Carbide and Carbon Chemicals 
Compan} foi the tetraethanolanimonium h}dro\ide, a-ethyl-a-h} drov\ - 
methylethanolanune, N-phen} lethanolanune, diethylethanolamme, di- 
methylethanolamine, methvldiethanolamine, and diethanolamme The 
ethanolamme, N-acetylethanolamine, /3-methoE} ethylamme, triethanol- 
amine, and 7 -diethylammopropanol were obtamed from the Eastman 
Kodak Compan} , a-methyl-a:-h}dro\}methylethanolamme, a,a-dihydrox 3 '- 
methylethanolamine, and o:,a-dimeth} lethanolamme from the Commercial 
Sohents Corporation, acetylcholme chloride, acetyl-/S-methylchohne chlo- 
ride, carbamylchohne chloride, urethane of ; 0 -methylcholme chloride, and 
gl} erne from Merck and Company, Inc 

Results 

The results have been summarized m Tables II to IV, where the com- 
pounds tested have been arianged accordmg to the atom of the ethanola- 
mine moiety on which substitution occurs The concentration producing 
maximum turbidity is gii en both m micrograms per ml of medium and 
m chohne equn alents The turbidity obtamed wath this most effectn e 
concentration is expressed as percentage of the turbidity obtamed wath 
5 7 of chohne chloride 

Substitution on Nitrogen Atom — An analysis of the relati\ e activities of 
the compounds obtamed b\ substitution on the nitrogen atom of the 
ethanolamme moiety mdicates that the trimethyl groups of the nitrogen 
atom m the chohne molecule are not the essential part Replacement of 
an^ one or all of the trimeth}! groups wath ethyl gioups does not alter the 
ability of the molecule to produce growth Whether the nitrogen is pri- 
man , secondary, tertiar} , 01 quatemao' seems to haie no relation to the 
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CHOLINE IN PVECMOCOCCCS METABOLISM 


poM th actn itj The ^eater actii ih of the di- and triethanolamme m er 
ihe iHonoethanolamine and tetraethanolaninionium hydroxide is difficult 
to explain Ethmohmme from two different sources uas tested, as well 
as some repunfied by crj staUization of the oxalate The results confirmed 
those giien and thus eliminate the factor of possible impurity On a 


Table II 

Actnity oj Choline Dernatnes on Groielh of Type IIJ Pneumococeue SubslUulwn on 
A ilrogen A tom 


Compo\iDd 

Stnictcral fonnuU 

Most 

effec 

tnc 

coacen 

(ration 

Qoliac 

tiilond 

eouiva 

Icnts 


I Cholme chloride 

(CH,),X(Cl)-CHr-CH— OH 

ypa 

ml 

5 0 

rfer 

rti 

0 

fcr 

ItHi 

100 

11 Dimethjlethnnol 
amine 

(CH.) X-CH -CH^OH 

3 2 

5 

100 

III Meth>IdiefhanoI 
amine 

CHr-X{CH— CHr-OH). 

4 2 

5 

100 

IV Tricthjlcholine 
chloride 

(C.H.).X(CI)-CH— CH— OH 

6 0 

s 

100 

\ Diethjlethanol- 
amine 

(C,H,) X-CH— CH— OH 

42' 

5 

100 

M DmicthjIeth\I 

Iij droxj ethj 1- 
ammonium chlo- 
ride 

(CH,) (C HjlXfCDCH— CH— OH 

5 5 

! 

5 

100 

VII Ethinolamine 

^ NH— CH— CH— OH 

22 

50 

so 

\ III Diethanolamine 

1 XHfCH— CH— OH) 

7 5 

30 

95 

IX Tnethanolamine 

! X(CH— CH— OH), 

6 4 

S 

95 

X TetraethanoHm 
monnim h> 
droxide 

HO— X(CH— CH— OH), 

30 

20 

35 

XI X Aeetjlethanol 
aminet 

CHr-CO— XH— CH— CH— OH 

32 

50 

23 

\1I Phenjlelhanol- 
aminc 

CeHr-X H-CH— CH— OH 



Ot 


* Per cent of turfaiditj obtained with o t of choiine chlonde per ml of medium 
t \dded after autocla\ mg 

% Xo gro\^th was obtained o\er a range of 1 to 50 y per ml of medium 


molecular basis, approximately 10 times as much ethanolamme ^ cholme 
IS required to produce miMraum giowth The slight actmtj of A-ace i - 
ethanolamme is probablj due to ethanolamme formed by 
the acetyl group m the shghtly alkaline medium Substitution of a phenj 
croup on the nitrogen results m a complete^ mactive compound 
SitbsltMion on a-Carhon Atom — Substitution on the o:-carbon 
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Aclu ity of Chohnc Dcni atti ei on Groicth of Type III Pneumococcus Suhslitulion on 

a Carbon Atom 


Compound 

1 

' Stnictunil formula 

1 

Most 

cffec 

tue 

concen 

(ration 

■ 

1 


1 


Y 

per 




ml 

cenl 

I Chohne chloride 

(CHi)iX(Cl)— CH -CH -OH 

5 0 

5 

100 

\III ot Ethvlethanol- 

XH — CH— CH,— OH 

5 I 

7 5 

so 

amine 

1 





CHs 




XIV 2 Xitro 1 butanol 

XO — CH— CHr-OH 

1 



ot 


1 

CH, 




XV a Ethjl a hjdro\j- 

CH OH 


j 


methjlethanol 

! 


1 


amine 

VH— C— CH ~OH 

1 

10 

20 

100 


1 

C H, 




XM aMethjIahy- 

CHOH 

! 



droxjTnethyl- 

! 

1 



ethanolamine 

— C— Cff— OH 

1 

2S 

! 

40 

90 

i 


1 

CHi 


1 

1 

1 

W II ar,o-Dih) drox} - 

CHOH 




methjlethanol- 

i 




amine 

XH2--C— CH -OH 

1 

40 

50 

5 


1 

CH OH 

1 

1 

1 


X\ III or, a Dimethyl 

CH, 




ethanolamine 

t 




1 

1 

XH — C— CH~OH 
{ 

3" 

50 

31 


1 

CH, 

1 



\IX a, a Dimeth>I- 

CH, 




choline chlonde 

1 





(CH,),X(C1)-C-CH -OH 

1 

C 0 

5 

20 


CH, 




XX Serine 

XH — CH— CH —OH 

I 



Ot 


COOH 





* Per cent of turbiditj obtained " ith 5 y of chohne chlonde per ml of medium 
t o groivth n as obtained over a range of 1 to 50 y per ml of medium 


duces compounds of \ aned activ it\ The substitution of an ethv 1 group 
pioduces a compound (No XIII, Table III) almost as active as choline 






TtBLE 

icln ,iy of Chohnc Dcrtiatucs on Growth of Typo III Pncumococcm SubsMution on 


(9 Carbon Atom 


Compound 

Structural Jonnula 

Most 

effec 

U\c 

coQcea 

trfttjoi 

Cfcolij 
chloni 
eauiv^ 
j leots 

le 



t ter 

r to 

ptr 



mi 

mi 

cent* 

I Choline 

(CH,),X'(CI)— CH-~CH^OH 

6 0 


100 

cMondc 





XXI Ethjlarnine 

X’’H^CH^CH, 



Of 

XXIJ Eth^Jenedi- 

NB^CH^CH— XU 



Of 

amme 





XXIII Gljcine 

COOH 



Of 

Xxzr Sarcosme 

CHm-X H~CH— COOK 



Of 

X Uetame 

CH-CO 
t n < 



Of 

XXII /Sllethoy- 

* U- 

^Hr“CH — CH ~0“CH, 



Of 

ethjlarnine 





XWII Urethane of ^ 

(CH,)A'~CH^CH-O-C0 



Of 

methjlcho 

f } 1 




lincchtondet 

Cl CH, C Hj 




X\I III Carbamjlcho 

(CH,)A-CH^CH -O-CO-XHi 



Of 

line chlondel 

(Cl) 




\XI\ Icetjicholmc 

(CH,),X-CH— CH ~0-C0-CH, 


5 

7 

chlondet 

(Cl) 




X\\ leetjj ff meth 

(CH,),X (Cl)-CHr-CH-O-CO 


! 5 

7 

\lchoIinc 

1 1 




chlondet 

CH, CH, . 




XXXI riiosphorjl 

(CH,),X(C1)-CH-CH 



i Of 

choline 

1 




chloride 

0-P0,Ca 




(Ca) 





XWn rDicth}} 

(C H,) K— CH— CH — CH— OH 

5 S 

6 

100 

aminopro 





panol 





XXXIII (J,r Propone 

(C H,) X— CH— CH-CH— OH 

10 0 

10 

100 

dwl a di 

1 




ethjlaniine 

OH 




XXXII Diethilmethjl 

(C H,) (CH,)X-CH— CH-CH, 

7 0 

5 

20 

&,-! dihj- 

i 1 1 




droxjpropjl- 

Cl OH OH 




ammonium 





chloride 





XXXV Camifinc 

{CH,),X'{OH)— CH-CH— CH 



UT 


OH COOK 





Per cent Oi . - j 

t Xo grow tb wne obtained q\ er a range of 1 to 50 7 per of medioro 
t Added after autoclaving 

iSS 
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Ho^^e■^e^, Bhen the remaming h^d^ogen is replaced with a methjd alcohol 
group (Compound XV, Table III) the concentration must be mcieased 
4 tmies to pioduce equivalent growth When the ethyl group is replaced 
■auth a methjd group (Compound XA I, Table III), the concentration must 
be mcieased S times to obtam maximum growth A further decrease m 
actn itj"^ results fiom the substitution of tv o methyl or two hj^droxjTnethj 1 
groups on this carbon atom (Compounds XVII, XVIII, and XIX of Table 
III) The carboxyl group m serme makes this compound mactive 

S\tbshfu(ion on ^-Carbon Atom — The relative activities of the compounds 
in whif-h the /3-carbon atom is substituted emphasize the structural spec- 
ificity of choline and ethanolamme This pneumococcus cannot synthesize 
the needed substance bj'' oxidizing ethjlamme or reducmg glycme or 
sarcosme Xeither can the orgamsm hydrolj'ze the ester or ether Imkages 
through the hydroxyl group The activity of the acetyl compounds is 
probably due to then hydrolj'sis to cholme m the shghtly alkahne medium 
The high activity of the tu o homologues (Compounds XXXII and XXXIII, 
Table R') is mterestmg as ueU as surprising The difference m the ac- 
tivities of the two dihydroxy compounds (Xos XXXIII and XXXW, 
Table IV) is unaccountable, unless it could be due to differences of con- 
figuration of the asymmetnc carbon atom 

DISCUSSIOX' 

From the results given above it is seen that this pneumococcus requires 
a molecule contammg a N — C — C — OH or X — C — C — C^ — OH Imkage 
Substitution of ethjd or methjl groups on the nitrogen or a-carbon atoms 
increases the activity, except m the case of the o’ja-dimethjd and ddij^drcxj - 
methyl derivatives, m which case the activity is decreased The addition 
of a phenyl or acetyl group to the nitrogen atom or a carboxjd group to 
either carbon atom mactivates the molecule It is necessarj’’ that the 
hj'droxyl group remam free, smce anj' substitution of or through this 
gioup results m loss of activity 

The mactmty of ethylamme, glj'cme, sarcosme, camitme, and senne 
precludes the suggestion that cholme or ethanolamme is requiied as a 
precursor of these substances 

From this study several conclusions may be drawn as to the mode of 
action of cholme and ethanolamme m the nutrition of this pneumococcus 
Expel imental evidence of the action of cholme m animal metabolism sug- 
gests at least three different functions (1) as a source of labile methjl 
groups, (2) as a precursor of acetylchohne, and (3) as an essential constituent 
of the phosphohpids The actmtv of triethylchohne, diethj lethanol- 
amme, and similar compounds plus the mactiv ity of methionme, betaine, 
phosphorj Icholme, and other compounds contammg labile methvl groups 
prov ides evidence that the r61e of cholme m the pneumococcal metabohsm 
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IS not that of transmethi ktion The inactivity of acetvlchohne indicates 
also that choline is not the precursor of acetjicholine 
The fact that ethanolamme can replace choline suggests the formation 
of phospholipids as the most likely evpianation of the action of choline 
in pneumococcal metabolism It has not 3 et been demonstrated that the 
pneumococcal cell contains phospholipids, but it has been shown that 
phosphohpids are present in other bacterial cells (3, 4) 

Ethanolamme may be coni erted bj the organism to cholme or perhaps 
the two compounds function mdependentli to form two phospholipids such 
as lecithin and cephalin The fact that ethanolamme is repuired in 10 
times the concentration for equi\ alent growth does not offer evidence for 
either mode of action, except to indicate that cholme is probably not de- 
meth3 lated to form ethanolamme It has been obsei ved that in the ethan- 
olamme cultures the organisms consistent!} grew m long chains, while 
no chains were found m cultures contaming cholme or choline plus ethanol- 
amme That substitution of ethanolamme for cholme does not alter the 
cpllular metabolism to an) great degree was demonstrated bj the mam- 
'tenance of i iiulence after twentj subcultures in the semisimthetic medium 
contaimng ethanolamme m place of cholme 
If cholme and ethanolamme go to form phosphohpids m the pneumococcal 
cell similar to those found m animal cells, it is rather surprising tliat phos- 
phorylchohne is mactiie However, the phospholipid s)ti thesis mai 
require a free hydroxyl group on the cholme or ethanolamme molecule 
There is no correlation between the actiiitj of the lanous cholme de- 
nvatii es and related compounds in promotmg grow th of pneumococci and 
their action m the preiention of perosis and promotion of growth of 
chicks, the promotion of giowtii of rats on a diet containing homocvstme 
but lackmg m methionine, and the preiention of fatt) livers and hemor- 
rhagic kidneys in rats, as summarized b) Moyer and du Vigneaud (5) It 
IS mteresting to note that onh in the pneumococcal nutrition has ethanol- 
amme been shown to replace cholme 

It IS quite possible that the function of choline and ethanolamme m 
pneumococcal metabohsm is entire!} different from am of the known roles 
m mammalian metabolism This fact alone makes the continued studi 
of cholme metabohsm of the pneumococcus of interest 


SOJIMARY 

Some thirty-five different compounds related to cholme haie been tested 
for their growth-promoting actmtx for a T5T)e HI pneumococcus grown 
m a semis}’nthetic medium It was found tliat actue compounds con- 
a,L*-C-C-OH or N-C-C-C-OH imkage Substitution of 
or through the hydrox}! group resulted m complete inactivation 0 
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molecule Of all the naturallj' occurrmg compounds tested, onlj’’ ethanol- 
amme u as able to support the growth of this pneumococcus m the absence 
of choline On a molecular basis ethonolamme uas required m 10 times 
the concentration of cholme for maximum groivth The possible role of 
choline m pneumococcal metabolism has been discussed 
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Since the demonstration of the antagonistic action of p ammobenzoic 
acid (PAB) toward the actmt} of the sulfonamides and of its reqmrement 
by several species of microorgamsms, there is much mterest m methods for 
the detemunation of this substance The available chemical methods do 
not possess sufficient sensitmtv for use on natural matenals Landy and 
Dicken (1) have described a microbiological assay usmg Acetohactei suh- 
oxydans as the test orgamsm Also Lewis (2) has presented a method m 
which Lactobacillus arahinosus 17-5 is employed Rubbo et al (3), Park 
and Wood (4), and Mcllvain (5) have reported the use of Clostndtum 
acetohutyhcum in a semiquantitative manner Thompson et al (6) ha\e 
developed an assay with an ‘ anunobenzoicless” mutant of Neurospora 
crassa developed by Tatum and Beadle (7) 

In this paper we will describe the determmation of PAB bv the grov th 
response of Clostndiim acetobutyhcum Strain S9 The chief advantage of 
this method is the short mcubation time, 20 to 24 hours, required The 
error is of the order usual in microbiological assaj', re , ±10 per cent 

EXPERIMENTAL 

Culture — Clostridium, acetobutyhcum Stram S9 is used as the test organism 
This stram will attain maximum growth on a basal medium of glucose, 
ammonium phosphate (dibasic), salts, biotin, and PAB (8) Howei er, 3 
da 3 ’^s are required for maximum giowth on this lean medium An effort 
was made to reduce the growth penod by the use of suitable supplements 

The optimum concentration of phosphate ion and of NHj was 0 05 to 
0 10 per cent Addition of a reducmg agent shortened the lag phase, 
sodium hydrosulfite vas the best The addition of 5 mg per 10 cc of a 
“PAB-free” casein hydrolysate (described below) plus ci^tine and trj pto- 
phane reduced the time required for maximum grov th to 24 hours This 
supplement could be replaced bj a mixture of eighteen ammo acids On 
the casern hydrolysate-basal medium, concentrations of Xa-SO^ or XaCl 
up to 20 mg per cc had no mhibiton effects 

• Published with the approval of the Director of the Wisconsin Agncultural Ex- 
periment Station and supported in part bi a grant from the Wisconsin Alumni 
Research Foundation 
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The stock culture is earned on stenle soil and each week a loopful is 
inoculated into a medium consisting of glucose, ammomum phosphate 
(dibasic) ammonium acetate and salts (all at one half the concentrations 
gi\ en m Table I), and 0 5 per cent peptone After 24 to 30 hours meuba- 
tion, 4 drops of this culture are added to a tube containing 5 cc of the basal 
medium, 0 005 7 of PAB, and water to make 10 cc When 18 to 24 hours 
old, 1 drop IS added to each tube of the assaj For assays on successive 
days, inoculum may be prepared by inoculating another tube of the stock 
medium The first to fourth transfers on this medium can be used More 
transfers on the stock medium may result m a weakened culture and hence 
it IS best to start again from the soil spore stock Centrifuging and resus 
pending the cells, eren ivhen freshly stenlized basal medium was used as 


Table I 

Compostlton of Basal Medium 


Glucose, gm per 100 cc 

4 0 

.Ammonium phosphate (dibasic), gm per 100 cc 

0 2 

Ammonjuro acetate, gm per 100 ec 

04 

Salt mixture,* gm per 100 cc 

0 2 

“PAB-free" casein hvdroljsate, cc per 100 cc 

I 1 0 (100 mg ) 

Cystine, mg per 100 cc 

20 

Tryptophane, mg per 100 cc 

15 

Biotin, 7 per 100 cc 

0 2 

NaiSjOi 2 H 2 O, vig per 100 cc 

10 

Reduced iron, mg per lube 

5 

* Salt mixture KjHPO, 10 gm , IxHjPOj 10 gm , MgSOj VHjO 4 0 gm , NaCI 0 2 
gm , MnSOi 4HjO 0 2 gm , FeSO« 7HiO 0 2 gm 


the suspending fluid, caused an increased lag m growth By bringing up 
the moculum on the synthetic stock medium it is possible to avoid this 
centnfugation, as the amount of PAB added m 1 drop is neghgible (about 

0 03 milhmicrogram) 

Basal Medium— The constituents of the basal medium are given m Table 

1 A stock solution is prepared contaimng the ammomum phosphate 
(dibasic), ammomum acetate, salt mixture, casein hydrolysate, cystine, 
and tryptophane The cystme is previously dissolved mth the addition 
of a minimum amount of HCl This solution is slightly turbid, but it is 
unnecessary to filter it A stock solution of biotin (ciystaUme material, 

S M A Corpoiation) IS prepared containing 0 25 7 of biotm per cc Both 

stock solutions are stored m the refrigerator with added toluene and chloro 
form In the preparation of 1 hter, for example, of the basal methum, 4U 

cm of glucose and 8 Occ of biotm solution are added to 600 cc of the salts- 

Se,„ SToIysate the seluhon .s hcl,«sted t. pH 6 7 ± 0 1, ».<1 
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diluted to 1 liter Just before use, 100 mg of sodium h5"dro3ulfite are 
added 

PAB-Free Casein Hydrolysate — 100 gm of Labco “vitamin-free” casein 
are refluxed 20 hours mth 1 liter of 20 per cent HCl The hydrolysate is 
reduced in vacuo to a thm S3'’i up, 300 cc of i\ ater added, and the ii ater again 
remoied This is repeated tince, the resultmg sirup dissolved in water, 
brought to pH 4 with NaOH, and diluted to 1 liter 

100 cc of this hydrolysate are stured with 2 gm of norit for 30 minutes 
on a steam bath, then cooled, and filtered While the nont remov es much 
of the PAB, the filtrate is not sufficiently low in this factor to permit its 
use m the basal medium The solution is brought to pH 2 v\ ith H^SOi and 
contmuously extracted with ether for 24 hours Longer extraction remov es 
so much of the stimulatorj ammo acids that maximum growth is not 
attamed in 24 hours The residue is bi ought back to 100 cc , thus 1 cc 
IS equiv'alent to about 100 mg of casern This extracted matenal is suit- 
able for use and is stored at pH 2 in the refrigerator 

Procedure 

Bacteriological test-tubes (19 X 150 mm ) aie used for the assaj Ap- 
proximately 5 mg of reduced iron are first added to each tube Appropri- 
ate ahquots of the standard PAB solution and of the matenals to be assa3 ed 
are placed m the tubes, and water is added to biing the volume to 5 cc 
The basal medium is made up just before use and 5 cc are added to each 
tube The tubes are plugged with cotton and autoclaved 15 minutes at 
15 pounds pressure 

After autoclanng, the tubes are cooled and inoculated as described 
earlier An anaerobic jai is prepared b3 filhng a suitable container one- 
fourth full of oats and addmg just enough water to cover the oats The 
assa3’^ tubes are placed in the jar and a glass top is sealed on w ith plasticine 
The respiration of the oats removes the ox3'gen and establishes a partial 
pressure of CO2 The jar is placed m the incubator at 37° for 20 to 24 hours 
After incubation the tubes are shaken well, their contents are transferred 
to Ev'el3m tubes, and the turbidit3’^ is read in an Ev ebm photoelectric colon- 
meter with a 660 mu filter against the uninoculated basal medium set at 100 
PAB values may then be read fiom the standard curv e 

Standard Curve — The assa3’’ range is approximatelv 0 3 to 1 5 millimicro- 
grams of PAB per tube A standard solution containing 0 5 7 of PAB per 
cc IS diluted to 0 5 millimicrogram per cc Aliquots of 0, 0 5, 1 0, 1 5, 2 0, 
2 5, 3 0, 3 5, 4 0, and 5 0 cc are used, and a standard cui v e (Fig 1) based 
on turbidities resultmg from growrth with these additions is drawn A 
fresh standard solution of PAB is prepared each month 
A reference dry material is run vvath each assav as an additional check of 
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the Standard and of the completeness of the medium A Difco jeast ex- 
tract has been used and assays 80 y of PAB per gm Any assay in "which 
the PAB content of this preparation is not Mithm ilO per cent of this 
value IS discarded This matenal is stored in a desiccator and a fresh 
solution IS made up monthly, preseriedwith toluene and chloroform, and 
kept in the refngerator The reference matenal serves as a check on the 
potency of the culture and on the PAB standard 

Great care must be taken to keep all of the constituents of the medimn 
free of PAB All glassware should be cleaned noth dichromate cleaning 
solution Also the handling of PAB in the labotatory should be kept to 
a minimum After the preparation of a senes of PAB derivatives our 
laboiatory became contaminated wtb it The culture apparentl}"^ no longer 



Fig 1 Response of Clostndum acetobutyhcwn to added T> aunnobeMoic acid 

needed PAB, and only after repeated cleamng of the laboratory and equip- 
ment could the assay be made to uoik satisfactoiily Most samples ol 

cxstme contain PAB and should be checked beloie use 

Svccifictin of Assay— The activity of compounds related to PAB tor tlie 
test stram has been reported (9) V Kitrobenzoic acid has equal molar 
activity, and procaine about 10 to 20 per cent activity ^Anmopbenyi 
acebo acid has a maMmum activity of 0 002 pei cent The me byl and 
ethyl esters and acetyl and benzoyl denvatives show only traces of act y 
Freeing of PAB from mural iliatcnals— hlany investigators have re 

” ‘ V 'r « IS' or 

con}ugation (11, 12) ot if ah a e . - „ Eotprs’ veast, increases 
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present Lewis (2) observed increased PAB values after autoclaving -mth 
1 N NaOH Mcllwain (5), using Clostridium acetohutyhcum, obtained 
maMmum plasma PAB values on autoclaving vnth 1 n HCl 6 n H:S04 
for 1 hour at 15 pounds pressure gave optimum release of PAB when the 
Neurospora assay was used (14) 

We have studied the hberation of PAB from hver by autolysis, enzyme 
hydrolysis, acid, and alkali For all of the evpenments a dried powdered 
liver sample (Liver A) vas used 

Data on the hberation of PAB by enzymes is given m Table II Autol- 
ysis of fresh Liver A oi treatment with trypsin actuallj’’ lowered the PAB 
potency from that of a vater extract Other enz}mies yielded some in- 
creases, a maximum of 50 per cent 


Table II 

Ltberatton of PAB from Liver A by Enzymes 


Treatment 

PAB 


r pc’ rw 

Water extract, 1 hr , 15 lbs 

1 6 

Autolyzed, 37°, 3 days, toluene -f- CHCli 

0 8 

Trypsin, 37°, 6 days, fresh enzyme daily 

0 9 

Pepsin, 50°, 3 hrs , pH 3 0 

1 8 

Papam, 37°, 24 “ “45 

2 2 

Taka-diastase, 37°, 24 hrs , pH 4 5 

2 4 


Fig 2 contams typical curves for the hydrolysis of hver by acid and 
alkah at 15 pounds pressure All hydrolysates mentioned m this paper 
were brought approximately to pH 6 7 and filtered before assay Libera- 
tion of PAB by acid is rapid, however, we have never been able to obtain 
a PAB value of more than 4 4 t per gm by acid treatment 2 n HCl for 
1 hour gave optimum values HCl has generally given higher values than 
H2SO4 When acid hjdrolysis was contmued for longer than 1 hour, 
destruction of the vitamin became apparent Recoierj’’ of PAB added 
before hydrolysis ivith 2 n HCl was 70 per cent at 1 hour and 50 per cent 
at 6 hours 

Alkaline hydrolysis at 15 pounds pressure is slower, but gives markedh 
highei final values The curv e for 2 n NaOH had not reached a plateau 
even at 20 hours 5 n NaOH gav^e a maximum PIB content of about 
9 0 to 9 5 7 per gm after 8 to 12 hours of hj drolj sis Some destruction 
was noticeable on longei tieatment Recov’^enes of P\B added to Liver A. 
before alkaline hydrob^sis weie good 90 per cent recover} was obtained 
after 20 hours autoclav mg w ith 2 n NaOH, and 109 per cent and 95 per 
cent after 4 and 8 hours respectively with 5 v NaOH 

To obtain maximum v alues in more reasonable periods of time, h} drolv sis 
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at 75 to 80 pounds pressure .vas tned F,g 3 shows these lesulte With 
the higher procure the maximum PAB libemtion occurred in 1 hour mth 
5 N JsaOH In separate e\-penments under these conditions PAB added 



Fio 2 Liberation of p-aminobenzoic acid from Liver A 



Fia 3 Hydrolysis of Liver A at 75 to 80 pounds pressure 50 mg samples inScc 
of water or alltah were used 

before hydrolysis was recovered 92 and 100 per cent Hydrolysis at high 
pressure with 0 1 n acid was ineffective and destruction occurred 0 1 x 
HCl for 1 hour gave a PAB value of 085 y per gm , while 0 1 n HjSOi 
yielded 1 25 7 pw gm 
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The PAB of some water-soluble matenals is also largely unavailable to 
the test organism (Table III) A water solution of the reference Difco 
j'east extract, while containing a large amount of bound PAB, did not 
change noticeably in potency on standing for 2 months at refngerator 
temperature, hence hydroljsis does not appear to haxe occurred under 
these conditions Acid or alkaline hydrolj^sis of a ivater extract of Liver A 
caused large increases m PAB i alues A maximum of 6 7 7 per gm was 
reached Also the assay of an HCl hydrolj'sate (2 n, 1 hour, 15 pounds) 
mcreased to 8 8 7 per gm after treatment with alkali, mdicatmg that the 
acid treatment had extracted practically all of the PAB from the liver but 
had not rendered it ax ailable 


Table III 


Liberation of PAB from Water-Soluble Materials 


Mateml 

1 PAB y per gm 

Onginal 

2 N HCl 1 
IS lbs, 

1 hr i 

2 s NaOH 
15 lbs 

6 hrs 

SNNaOH 15 lbs 

Difco yeast extract 

80 

103 


120 

(1 hr)* 

Water extract of Liver A (per gm 






original matenal) 

t 6 

2 3 

4 0 

6 7 

(1 “ )* 

HCl extract of Liver A (per gm 






original matenal) 

4 4 



8 S 

(1 " )• 

Unne 

0 004t 


0 325t 



“PAB-free” casein hydrolysate (per 






gm onginal matenal) 

0 



0 24 (1 hr ) 





2 6 

(5 hrs ) 



1 

1 

! 

i 

1 0 

(10 “ ) 


* 75 to 80 pounds pressure 
t Per ce 


The casein hydroljsate listed in Table III was the “PAB-free” material 
used m the basal medium Subsequent alkalme hj drolysis released 267 
of PAB per gm of casein w ith destruction evident at 10 hours H 3 drolx sis 
of unne xvith alkali also increased the PAB x'alues The acetjd derix atix e 
occurs here m considerable amounts PAB recox enes of 105 to 120 per 
cent w'ere obtamed with the oiiginal and 85 to 110 per cent xxith the 
hxdrolj'zed material These results suggest the suitabihtx of this method 
for the determination of free and bound PAB m unne Samples of -acetx 1 
P\B and of PAB ethxl estei xxeie autoclax'ed xxith 2 x NaOH at 15 pounds 
pressure Hydrolj sis of both compounds xx as complete after 1 hour 
Neither of these PAB denxatixes has the properties of the difficultlx 
hx drolx zed form of PAB 

Fig 4 indicates the rate of liberation of P AB from Difco Bacto-pcptonc 
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by alkali Heie optimum values Mere obtained uith 5 n NaOH bi auto 
clai mg for 1 hom at 75 to 80 pounds pressure 

The possibiliti exists that the additional PAB produced under the 
drastic alkaline conditions is an artifact due to the conversion of some 
piecumor to PAB The aromatic ammo acids are obvious posabihties 
n an efiort to test this, 5 mg of tjTosme oi of trj ptophane -svere added to 
50 mg samples of Luer A before hydrolysis mth 5 n NaOH at 75 pounds 
for 1 hour The control tube with Liver A alone assaj ed 8 8 r of PAB per 



TIME (HOURS) 


Fig 4 Liberation of p-aminobenzoic acid from peptone by NaOH 50 mg 
samples in 3 cc of alkali were used O, 15 pounds pressure, X, 76 to SO pounds 
pressure 


gm after hydrolysis, x\hile with added tjTosine or tryptophane values of 
9 2 and 7 5 y per gra respectively were obtained A mixture of eighteen 
amino acids simulating hydrolyzed casern vas prepared This assayed 
0 12 y of PAB per gm before treatment, and 0 27 y per gm after 1 hour in 
5 X XaOH at 75 pounds pressure When 12 mg of the ammo acid mature 
Here added to 50 mg of Liver A before a smiilar hj drolysis, 9 5 y of PAB 
pel gm Here found A control tube uith Liier A alone yielded 100 y 
per gm These results indicate that the common ammo acids are not 

acting as PAB “precursors ” , „ , „ k 

The phenomenon of rapid but incomplete liberation of PAB oy acio 
and slon er but more complete action bj alkali indicates the possibility tba 
the liberation of at least a portion of the PAB is a tuo-step process y 
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this concept, acid would hydrolyze rapidly eertain hnkages which alkali 
could attack onlj slonl} However, once these bonds had been opened 
the remaining linkages would be spht more completely by alkali than by 
acid 

To test this, an aeid hj drolysate of Li\ er A was again hydrolyzed with 
alkali The matenal had been autoclaved 40 mmutes vnth 2 n HCl at 15 
pounds pressure It assayed 4 1 7 of PAB per gm 80 mmutes hj’-drolysis 
at 15 pounds pressure with 1 n, 2 n, and 5 n KaOH raised this value to 5 1 , 
5 7, and 8 1 7 of PAB per gm respectively Comparable treatment of 
Lwer A vnth alkali vnelds less than 3 7 per gm The figures mdicate that 
alkalme hydrolysis is more rapid after a prehminai-y acid treatment 

Destruction of PAB — PAB destruction dunng acid hj'drolysis of liver and 
of casern hydrolysate has already been mentioned Slow destruction also 
occurs on long alkalme hv’-drolysis (Figs 2 and 3) PAB is generally more 
stable to alkali than to acid In expenments with the pure matenal, 40 to 
50 per cent destruction occurred m 4 n HCl on autoclavmg for 1 hour at 
15 pounds pressuie, and 0 to 15 per cent m 2 x NaOH durmg 6 hours at 15 
pounds At 75 to 80 pounds pressure ov er 99 per cent destruction resulted 
from use of 0 1 n HCl for 1 hour As previous)}' mentioned, no loss of 
added PAB durmg hj drolj sis with 5 n XaOH in the presence of liver could 
be demonstrated after 1 hour at 75 to 80 pounds pressure 

DISCUSSION 

It is apparent that PAB occurs in many natural matenals m an extremely 
resistant combmation Part of the PAB is in a compound resistant to acid 
hydrolysis This is demonstrated by oui inability ev'er to free more than 
4 4 7 of PAB per gm of Liver A by acid treatment, while alkali gives values 
up to 11 7 per gm Also the “PAB-free ' acid hydrolysate of casern (hj - 
drolyzed 24 hours with 20 per cent HCl) still contamed PAB, as deter- 
mmed by alkalme hydrolysis 

While the possibihty is not ruled out that the PAB obtamed after alkahne 
hydrolysis is an artifact, our mabihty to demonstrate any mcrease m PAB 
after hydrolysis of the ammo acid mixture either alone or added to Liver 
A argues agamst it The excellent recovenes of PAB obtamed with 
alkalme hydrolysis preclude explanation of this mcrease as conversion of 
PAB to a more active form (as m the transformation of pyndoxme to 
pseudopyndoxme (15)) 

For most matenals we would recommend treatment with 5 n NaOH, 
preferably at 75 to 80 pounds pressure for 1 hour However, it would be 
wise to mvestigate less drastic conditions for any new matenal, especially 
if the acetyl compound is the mam bound form of PAB present, as in blood 
or unne 

The values obtained by our procedures may stiU not be the total PAB, 
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but the conditions outhned give maximum values The availabihty of 
these vanous forms of PAB to the ammnl is still unknoim 

smniAitr 

1 A microbiological assaj' for PAB in which Clostndiuin acetohutylicum 
S9 IS employed as the test organism is described The assay range is 0 3 
to 1 5 milhmicrograms of PAB per 10 cc Growth is determined by tur- 
biditj at 20 to 24 hours The accuracy is ±10 per cent 

2 The PAB m h\ er occurs m a bound form from ahich it maj be freed 
bj allmli, but only partiall}' bj acid Enzyme treatment was not success- 
ful Autoclaimg at 75 to 80 pounds for 1 hour m 5 n JfaOH gi\es maxi- 
mum PAB content B'ater-soluble matenals as nell contain PAB m an 
unavailable form from u hich it is agam best released by alkaline hy drolysis 

3 PAB is rapidly destroyed during acid hjdrolj'sis It is relatively 
stable to alkali 
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STUDIES IN THE METABOLISM OF PURINES AND 
PYRIMIDINES BY MEANS OF ISOTOPIC NITROGEN* 

Bt> albert a PLENTLt and RUDOLF SCHOENHEIMERt 

{From the Deparlmcnt of Biochemistry, College of Physicians and Surgeons, Columbia 

University, New York) 

(Recei\ed for publication, December 30, 1943) 

Dunng an investigation of nitrogen metabolism m birds (1) it was found 
that, when isotopic ammonia was admmistered, N’^ was mcorporated m 
the nucleic acids The values obtained suggest that nucleic acids are 
synthesized even more rapidly than protems Smce unc acid is a major 
end-product in avian metabohsm, the rapid rate of nucleic acid turnover 
suggested that it may play an mtermediate role m the general nitrogen 
metabohsm The present mvestigation deals with the mterrelationship 
of punnes, pyimudmes, and creatme and their possible function as pre- 
cursors for nucleoprotems 

If dietary punnes can serve m the synthesis of nucleoprotems, adminis- 
tration of isotopic punnes must result m their deposition m the nucleic acids 
as an mtermediary step and, finally, m their appearance as nitrogenous 
end-products Smce the nucleic acids also contam pynmidmes, a similar 
reasonmg applies to the metabolism of these substances The classical 
feedmg expenments of Cerecedo and coworkers (2-6) mdicate that, with 
the exception of cytosme, which is poorly absorbed, these compounds are 
oxidized and excreted as urea and oxalic acid 

The nitrogen of isotopic guanme, when admmistered to rats, is excreted 
as allantom and, to an almost msignificant extent, as urea and ammonia 
(Table I) Practically no isotope could be found m the punnes or pjm- 
midmes isolated from nucleic acids Essentiallj' the same result was 
obtamed with pigeons that had received isotopic guanme, the punne 
analogue m this case bemg uric acid Tissue creatme, isolated as creatmme, 
contamed little or no isotope marker, but the nitrogenous end-product, 
unc acid, was high Neither the punnes nor the pynmidmes isolated 
from nucleic acids showed the expected isotope concentration, dietarj 
punnes, therefore, do not appear to be mcorporated as such mto the tissues 
When isotopic creatme w as fed to rats ov er a penod of 6 day s, the allantom 

* This ivork was partially supported bj the aid of a grant from the Josiah Mac\ , 
Jr , Foundation 

t Present address, Lilly Laboratory for Clinical Research, Indianapolis Citj Hos 
pital, Indianapolis, Indiana 

J Died September 11, 1941 
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^olated from the urme contamed no N» Similarly, uric acid isolated 
Irom the droppmgs of pigeons that had received isotopic creatine (sarcosine 
as well as amidine N«) was found to be free of isotope marker The results 
of this expenment are gu en m Table II and show that the only appreciable 

Table I 

Content of Substances Isolated after Administration of Isotopic Guanine 
The amounts of isotopic guanine administered are recorded in the experimental 
part under "Guanine feeding,” Experiments I, II, and III The isotope concentra 
tion TV as computed on the basis of 100 per cent in the test substance On this basis 
the average error of a determination is ±0 07 atom per cent 



Experiment I 
rats 

Eiperunent 11 
rats 

Experiment III 

pigttiDS 

Ammonia 

0 74 



Allnntoin 

13 9 



Urea 

0 54 



Combined purines j 

0 05 

0 10 

0 20 

Protein hydrolysate | 

0 15 



Guanine 

0 02 

0 20 


Adenine 

0 25 

0 12 


Cj toaine 

0 32 



Arginine 

0 22 



Glutamic acid 

0 27 



Tissue creatine 

0 30 


0 25 

Uric acid 



1 30 


Table II 


IV'* Content of Substances Isolated after Administration of Isotopic Creatine and 
Guanidoacetic Acid to Pigeons 

The values were computed on the basis of 100 atom per cent N’® excess in the 


test substance fed 


Combined purines 
Tissue creatinine 
Uric acid 
Nucleic acids 
Average error 


Creatine 

amidme 

Creatine 

sarcosioe 

Guanidoacetic 

acid 

0 33 

0 03 

0 12 

3 95 

2 40 

2 64 

0 57 

0 12 

0 36 

0 21 

0 15 

0 03 

0 10 

0 10 

0 10 


Lsotope concentration uas found m the tissue creatme The replacemen 
appears to pioceed at approxiniateh the same rate as m 
Similar results were obtained iMth isotopic guanidoacetic acid 
thB«s fed to p,6»„s, onh a nesl.iAle .mouot of 
acid isolated from the dioppmgs, but the tissue creatine c 

expected amount 
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Upon administration of isotopic uracil and thjnmne to rats, the only 
appreciable isotope concentration n as found m urmary ammonia and urea 
The most significant result of these experiments (Table III) is the low value 
for allantom compared to that of urea, u hich rules out biological conversion 
of pyrimidines to purmes 

Synthesis of Isotopic Guanine — Guamne was synthesized accordmg to 
the procedure of Traube (8) in which, as m his improved synthesis of 
2,4-diammo-6-hydroxypyrimidme (9), guamdme was used as startmg 
material This was regarded as a convenient v ay of mtroducmg isotopic 
nitrogen by way of the veil established synthesis (7) of cyanamide from 
isotopic ammoma and normal cyanogen bromide When cyananude and 

Table III 

Content of Substances Isolated after Admintstrahon of Isotopic Uracil and Thymine 

to Rats 


The values are computed on the basis of 100 atom per cent N'® excess in the test 
substance fed 



Uraal 

Thymine 

Combined punnes 

amem 


Ammonia 


1 0 

Allantom 

0 01 

0 09 

brea 


1 49 

Guanine 



Adenine 


0 20 

C} tosine 


0 2S 

Thymine 

0 23 

0 30 

Creatimne 


0 06 

Protein hydrolysate 

0 23 

0 22 

Feces 

0 29 

0 41 


ammonium chlonde (10) were heated together m ethyl alcohohc solution 
m bomb tubes at 100° for periods of 5 to 7 hours, no reaction occurred, and, 
mth longer heatmg or higher temperatures, the cyanamide polymerized to 
dicyanodiarmde On the other hand, guamdme vas readily produced bj 
heatmg ammonium bromide and cjanamide m the presence of 1 mole of 
excess ammonia m a bomb tube for 96 hours at 100° A reasonablj’’ pure 
product and a 96 per cent recoieiy of the excess isotopic ammonia Mere 
secured Little or no poljmierization took place, probabl}'' because the 
excess ammonia raises the pH of the solution sufficient!}'' aboie that at 
vhich polymerization of C3anamide takes place most rapidl}' (11, 12), 
nimelj , 9 7 The addition of small amounts of bromme or iodine u as 
found to catalyze the reaction This addition vas later abandoned, as 
the bromo- or lodoguamdine formed as bj -products vere difficult to 
remove 
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The guanine finally prepared contained 4 03 atom per cent N’* excess 
xnth the isotope in the 2-amino group and the 2 pyrumdme nitrogen atom? 

In order to establish the biological ongin of substances containing nng 
systems mth more than 1 marked nitrogen atom it becomes necessan to 
degrade the material and to isolate its spht-products In contrast to simi- 
lai examples reported prenously the amount of starting matenal in our 
mstance xv as extremely small The amount of pure matenal isolated from 
nucleic acids (adenme and guamne) ranged from 50 to 150 mg , dependmg 
on the number of animals used Extensixm study of such degradations 
seemed necessarj at the time Strecker oxidized guanme mth chlonc acid 
(13) to guanidme and parabanic acid We were unable to perfect the 
technique of this reaction to the pomt where parabamc acid could be 
isolated from the oxidation mixture of 50 mg of guanme or less, but guani- 
dme n as isolated as the picrate WTien this reaction was earned out with 
guanme synthesized as desenbed abox e, the guanidine w as found to contain 
m the exact amount demanded bj the theon 

Another degradation was the deamination of guamne to xanthine 
Accordmg to the procedure of Fischer (14) xantlune was obtained m good 
jneld from 50 mg of guanme as startmg matenal, exen after punfication 
through its silxer =alt It contained the calculated amount of isotope 
marker These tw o axpenments together with the s}’nthesis of guanme 
gix e sufficient proof foi the correctness of the position of N’* m the molecule 
At the same time, these experiments show that splitting of the purme nng 
sx'stem xxuth chlonc acid occurs betxxeen the 1-6 and 3-4 atoms, it aho 
gix es added ex idence for the existence of cj anamide m its raesomeric form 
(7, 15) 

Synthesis of Isotopic Thiourea — The reaction of cx anamide and hx^drogen 
sulfide (16) m acid medium xxnth Sb^Ss as catalx st w as used The hnal 
product x\as recrystalhzed from tt-propjl alcohol until its correct melting 


pomt (174°) was obtamed 

Synthesis of Isotopic Thymine — ^Thymme xxas prepared from thiourea 
and ethyl formylpropionate accordmg to the procedure of Wheeler an 
Liddle (17) Isotopic thiourea was condensed with the sodium salt of 
ethyl formylpropionate in methanolic sodium methjdate solution to 
2 -mercapto- 5 -methyl- 6 -hydroxypxnmidme which, when treated xn 
concentrated h} drochlonc acid, gax e th 3 Tmne m almost quantitatwe jn 
Synthesis of Isotopic Cfracif— Although the simplest method for t 
preparation of uracil seems to be the condensation of urea wit ma c a 
(18), XX e have sjmthesized uracil from thiourea and eth}! ormva 
accordmg to Wheeler and Liddle (17), because the resulting compo^d, 
2-mercapto-6-hydroxypjYimidme, could also be used , 

m the sjTithesis of cytosine Circumstances, hoiie\er, p 
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preparing cytosme 2-Mercapto-6-hydro\ypynmidine on treatment nath 
concentrated hydrochlonc acid gave uracil, 2,6-dihydroxj'pjTiinidme, m 
94 per cent yield 


EXPERIMENTAL 

Guanidine Hydrohromide (I) — 4 77 gm (3 moles) of isotopic ammonium 
chlonde, 10 1 atom per cent N“ excess, nere decomposed accordmg to the 
procedure previously reported, special care bemg taken to exclude moisture 
The ammonia was earned mto a dry ice-cooled bomb tube contaming 20 
cc of absolute ethyl alcohol A gas mlet tube, especially constructed for 
this purpose, so as to fit the bomb tube, was used The small amount of 
ammonia that escaped u as caught in a trap containmg dilute sulfuric acid 
When the absorption of ammonia m the alcohol was complete, the bomb 
tube was allowed to warm up to 0° and kept at this temperature m ice 
A solution of 3 18 gm of freshly prepared cyanogen bromide m 5 cc of 
absolute ethyl alcohol n as added, and the tube sealed and heated to 105- 
110° for 96 hours 

The length of time necessary for this reaction vas deteimmed by running 
a series of experiments uith non-isotopic ammonia The tubes were 
heated to 110° for various lengths of tune and the contents tested mth 
ammoniacal silver mtrate for the piesence of cyanamide At the end of 
96 hours the test for cyanamide vas consistentlv negative 

The tube was cooled m ice, opened, cut off as straight as possible, and the 
open end fire-polished The gas mlet tube ivas mserted, and the excess 
ammonia blown off by a slou stream of nitrogen and collected in an acid 
trap 94 to 96 per cent of the excess ammoma (10 1 atom per cent 
excess) could thus be collected The clear alcoholic solution vas slowU 
evaporated to dryness and the residue dried in vacuo at room temperature 
4 02gm of guanidine hydrobromide x\ ere collected Although this product 
vas not analytically pure, it was found to be quite satisfactori for the 
foUomng condensation 

2 ,4-Diamino-6-hydroTypyrimidine {II ) — This compound vas prepared 
accordmg to Traube (9) with methjl alcohol instead of ethjl alcohol and 
50 per cent excess cjanoacetic ester, 5 21 gm of guanidine h\drobromide 
^ lelded 4 08 gm of diaminohy droxypyrimidme sulfate 

Alloxan-2 ,J)-diimide-5-oxime (///)— This compound vas prepared m 
99 8 per cent yield as described by Traube (8) , 3 45 gm of the isonitroso 
compound vere obtained from 4 08 gm of diaminohj droxi p\ nmidine 
sulfate 

8 ,4 ,5-Tnamino-6-hydroxypyriinidine (/I ) — The origmal procedure of 
Traube was slightly modified to jueld the sulfate directly instead of the free 
base 3 45 gm of the isonitroso compound v ere fineh pow dered in a large 
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agate mortar and slowly added to 50 cc of boding nater containing 15 ee 
of commercial ammonium sulfide This suspension was kept boiling for 
3 hours with occasional stirring and addition of 3 to 5 cc of ammonium 
sulfide and the necessary amount of water to keep the volume constant 
When all the mtroso compound was reduced, the solution was immediateli 
filtered On prolonged boding m the absence of excess sulfide the solution 
turned pink This could not be prevented by carrjnng out the reaction in 
an atmosphere of nitrogen The solution was filtered by suction directly 
into 75 cc of 3 K H SO 4 cooled in ice 4 68 gm (82 per cent) of tnamino 
hydrovypsmmidme sulfate were obtained m the form of light veiiow 
crj'stals No furthei puufication was necessaiw 

* 

* NH, 

* * * VH Ur ^ * 

3NH, H- BrCN » NH=C=NH C==NH HBr 


zra, 

* I 

HN— C 


COOCiHi 


NH— CO 


HN— C 


NH— C— NH, 
* 


* 

NH— CO 


NH— C-NH, 
* 


NH— CO 

* 1 I 

HN— C C— NH 


NH— CO 

* 1 i 

HN=C C— NH, 


NH— C- 


NH— C— NH, 


\ J ^ ■ 

Gtiamne Snlfate 00-^62 gra of 

and 4 0 gm of anhydrous sodium formate were refluxed mt .,,„„orated 
per cent f onnic acid for 8 hours The solution w as filtered and e^porste 

Tfc b.th W.. re* ^ *-ved 

boiled With charcoal for 5 hours, and the free base 

hqnoTSin each case were neutralized to pH 0 , the precipita 
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^emo^ ed by filtration and redissolved in a smaller volume of dilute sulfuric 
acid, and the guanine agam crystaUized as sulfate On repetition of this 
procedure, a total of 2 94 gm of guanme sulfate was obtamed 

Analysts — (CsHiNiOlsHjSOt 2H 0 Calculated, N 32 8, found, N 32 8 

The compound contamed 4 03 atom per cent N’® excess, calculated 4 04 
atom per cent N*' excess 

♦ 

NHj 

I * 

C=NH 

I 

NHj 
♦ 

(I) 

* 

NH— CO 

I I 

0=C C— NH 

\ 

CH 

/ 

NH— C N 

* 

(VI) 

Degradation a} Isotopic Guanine to Guanidine — 50 mg of free guanme 
(4 03 atom per cent N*® excess) were prepared from the sulfate The free 
base was suspended m 4 0 cc of HCl and 32 mg of KClOs added m small 
amounts over a period of 1 week At the end of this time, the solution was 
colorless and all sohd material had gone mto solution It was evaporated 
to dryness under reduced pressure and extracted five times with absolute 
alcohol The clear alcohohc solution was concentrated to 1 0 cc A 
small amount of semicrystalhne material, probably parabamc acid, was 
removed by filtration The filtrate was evaporated to dryness, the residue 
dissolved m 2 0 cc of water, and 2 0 cc of saturated picnc acid added 
After the material had stood m the ice box overnight, 32 mg of a crystalhne 
picrate precipitated which, when recrystalhzed from hot water, ga\e 
analytical values correspondmg to those of guanidme picrate 

Analysis— C tHsOiNj Calculated, N 29 2, found, N 29 4 

20 mg of this picrate were decomposed with dilute hydrochloric acid and 
the picnc acid contmuously extracted with ether Isotope analysis mdi- 
cated 6 92 atom per cent N*® excess, calculated 6 76 atom per cent N 
excess 


NH— CO 

* I I 

HN=C C— NH 


NH— C— 
* 

(V) 


\ 

( 


CH 


-N 


KCIO. 

/ 

HNO, \ 




\ 
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tA of Isoloptc Guamne (V) to Xanthine (r/}-32 mg of guanme 

(4 03 atom per cent N« excess) were dissolved in 2 0 cc of 4 n sulfum acid 
and heated m a beaker of boilmg water, 24 mg of sodium mtnte ivere added 
in verj' sma-11 amounte, and the solution neutralized and cooled in ice 
The dark colored \antoe which precipitated was punfied by transforma- 
tion into Its silver salt which nas decomposed inth dilute hydrochloric 
acid On neutralization to pH 5 xanthine crystallized in analytical^ pure 
form It contained 3 44 atom per cent N'® excess, calculated 3 38 atom 
per cent N*® excess 

* ♦ * !#: 

NH'=C=NH + H,S-^NH,— CS— NH, 

(VH) 



* 

* 


CiHiOCO 

( 

NH, 

j 

NH— CO 

1 1 

NH— CO 

C— CH, 

+ C==S ^ HS- 

1 1 

-C C— CH, — 

1 1 

HO— C C— 1 

II 

1 

II II 

I! II 

HO— CH 

NH, 

N CH 

N CH 



♦ 

* 



(X) 

(XI) 




(Thymine) 



* 

* 

NHt CiHiOCO 

1 1 

NH— CO 

1 1 

NH— CO 

1 1 

HS— C 

-f CH — 

1 1 

HS— C CH - 

1 1 

OC CH 

II 

!1 

II II 

11 II 

NH 

HO— CH 

N CH 

NH— CH 

* 


* 

* 



(VIII) 

(DC) 


(Uracil) 

Isotopic Thiourea (Vll ) — 2 G7 gm of isotopic cyananude prepared sc 
cordmg to the procedure previously reported (7) were dissolved in 70 cc 
of xvater, and 5 34 gm of antimony pentasulfide and 0 7 cc of concentrated 
hydrochionc acid added The mixture xvas heated to 90° on the steam 
bath and a rapid stream of hydrogen sulfide bloivn through the suspension 
for 2 hours After removal of the excess hydrogen sulfide bv boiluig, the 
antimony pentasulfide nas filtered off and washed mth hot water The 
filtrate was treated with 20 mg of potassium carbonate and cleared by 
filtration through a small amount of infusorial earth It was then evap- 
orated to dryness under reduced pressure and the residue recrysteuue 
horn n-propyl alcohol until its meltmg point was 174° The total Jie 
after concentration of mother liquors was 2 14 gm The matenal contame 
5 !28 (calculated 5 25) atom per cent N'® excess 
holoptc Thiouracil {VIII)~2 14 gm of isotopic thiourea were added w 
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100 cc of 95 per cent ethyl alcohol m which 1 5 gm of sodium had been 
dissolved To this nuxture 12 gm of powdered ethyl sodium formyl 
acetate were added and the solution refluxed for 3§ hours At the end of 
this time, 20 cc of water were added and refluxmg was contmued for an- 
other half hour The mixture was then brought to dryness under reduced 
pressure and redissolved m 40 cc of water, chilled m ice, and acidified i\ith 
50 per cent acetic acid After bemg left to stand in the ice box overnight, 
the product was filtered off and recrj^stalhzed from 125 cc of boding v ater, 
charcoal bemg used to remove colored by-products 1 57 gm of thi- 
ouracd were obtamed 

Isotopic Uracil {IX) — The procedure employed was exactly the same as 
that described by Wheeler and Liddle (17) Analytically pure uracd was 
obtained m 96 per cent yield The final product contamed 5 42 atom 
per cent N“ excess, the calculated amount was 5 25 atom per cent N’* 
excess 

Isotopic Thiothymine {X) — 2 0 gm of isotopic thiourea (5 28 atom per 
cent excess) nere condensed with 12 gm of sodium ethyl formylpro- 
pionate m the manner descnbed for thiouracil After two reciystaUiza- 
tions from boihng water 940 mg of thiothymme were obtamed 

Isotopic Thymine (XI) — 940 mg of thiothymme were treated mth 
hydrochlonc acid as descnbed by Wheeler and Liddle (17) 760 mg of 

th3Trune were obtamed The product contamed 4 88 atom per cent N’® 
excess, the calculated amoimt was 5 25 atom per cent N“ excess * 

Feeding Experiments 

The experimental conditions employed m the feedmg experiments were 
identical with those previously reported (7) Rats received the same stock 
diet Pigeons received an adequate diet of mixed grains, the isotopic 
compounds were dissolved m water and admmistered by stomach tube 
every 6 hours Guanme was administered as the hydrochlonde, smce the 
free base is msoluble m water Urmary ammonia, urea, muscle creatme, 
and ammo acids were isolated by the usual procedures AUantom vas 
isolated accordmg to Wiechovski (19) The isolation of purines and 
pynnndmes will be descnbed m the follmvmg representative expenment 

Nucleic Acids (General Procedure) — Combmed mtemal organs G'vsri 
kidney, spleen, pancreas, testes, thymus gland) were immediately rmnced 

* Although someuhat exceeding the experimental error, the discrepancy between 
these Values can be explained as follows After feeding expenments and elcmcntarj 
analyses had been earned out, an extremely small amount of material ^^as axailable 
for spectrographic analysis, necessitating a dilution with a known amount of normal 
nitrogenous matenal The error involved in this particular incidence maj well 
account for the difference of S 25 and 4 88 atom per cent excess 



212 


PURI^ES A^D PYRIMIDINES 


and suspended in 95 pei cent ethjl alcohol overnight The precipitate 
Mas filtered and evtracted Math absolute alcohol m a So\hIet apparatus for 
6 hours The alcohol uas then replaced with ether and evd.ractioii coa- 
tmued for another 6 hours Adhering solvent v as remoi ed m a stream of 
dr}'^ air and the fat-free product powdered m a mortar 100 gm of wet 
organs usuall3 ga\ e about 33 to 35 gm of dr} material A small sample 
of this ponder nas used for the deternunation of **combined purmes** 
accordmg to Graflf and Maculla (20) and the rest e\tmcted with 10 percent 
sodium chloride The rmxture was occasional!} heated on the steam bath 
mth stirring oi er a period of 2 to 3 days and finally filtered in a steam- 
heated Buchner funnel TIus extraction w as repeated three times and the 
sodium salts of the nucleic acids precipitated b} addition of 2 5 volumes 
of eth} 1 alcohol The salts w ere centnfuged off and washed ser eral tunea 
with absolute alcohol and ether In this n a} , 2 4 to 3 0 gm n ere obtamed 
from 35 gm of dr} tissue The sodium salts were dissolved in 100 cc of 
v\ ater by v\ arming the mixture on the steam bath and sturing at high speed 

The solution was then placed m an ice bath (stirrmg contmued) and 5 0 cc 
of concentrated h}drochlonc acid added drop by drop The precipitated 
nucleic acids were centrifuged, washed with water, alcohol, ether, and 
finall} with absolute ether The product was almost pure white and 
practically free of protem, its weight was approximate!} one-third that of 
the ongmal sodium salt 

Nucleic Acid Splitting — ^The following representative procedure is a 
modification of the usual h} drol}^^ of nucleic acids (21) The procedure 
w as successfully used for the isolation of guanme, adenine, c}'tosme, and 
th}Tnine with as little as 450 mg of nucleic acids In tb-* ongmal studv of 
the method nucleic acids prepared from beef pancreas were used, which 
were found to differ appreciably from rat nucleic acida m their relative 
adenme and guanme content The latter w as found to contam less than 
one-half the amount of adenme, with a correspond mg mcrease m guanme 


(Table RO 

1 0 gm of the fiinel} powdered and carefu''y dried nucleic acids was 
suspended m 12 cc of absolute methyl alcohol and dr}' hydrochloric acd 
blown through the solution for exactly 3 hours The solution turned 
wine-red, the precipitate dissolved, and finaU} the purines precipitated as 
hydrochlondes The flask was stoppered (glass) and aUowed to sta^ 
m the ice box for 24 hours The ice-cold solution was again 
with dr}' HCl, and the precip’tate centrifuged and washed into metv} 
alcohol saturated with HCl until the washmgs were colorless Combinea 
washings and supernatant were set aside for the isolation of 
After bemg dried at 100°, 300 mg of purme hydrochlorides ^ 

The purme hydrochlorides were dissolved in 5 0 cc of wafer and h 
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With charcoal, filtered, and neutralized aiitli dilute NaOH, when acid to 
litmus and alkalme to Congo led, the guanine precipitated as an amorphous 
ponder After havmg leniamed in the ice bo\ for 3 days, it was centri- 
fuged and the supernatant solution set aside for the isolation of adenme 
The free guanme n as dissoh ed in dilute sulfuric acid and crj'stalhzed as 
sulfate m the manner described in the synthesis of isotopic guanme 
Approximately 160 mg of guanme sulfate were obtained 
The supernatant liquid from the precipitation of guanme was combmed 
mth the washmgs and concentrated to about 3 0 cc A small amount of 
insoluble matenal n as removed bj' filtration and an equal volume of sat- 
urated picric acid added A copious precipitate of adenine picrate formed, 
which was recrystallized from a mmimum amount of 25 per cent acetic 
acid until the correct analytical figuies A\eie obtained (29 2 per cent N) 
Usually 60 to 70 mg of adenine piciate weie obtained aftei three recrj stalh- 

Table IV 

Comparison of Rat and Beef Nucleic Acids 
The values given are of mg of substance isolated according to the procedure 
outlined in the text 



1 0 pm beef 
nucleic acids | 

10^ rat 
nucleic acids 

Guanme sulfate 

88 

161 

^demne picrate 

ISO 

61 

Thjmme 

SC 

12 

Cytosine picrate 

36 

10 

Total purines as hydrochlorides 

301 

291 


zations, appioximately 10 per cent was lost on each recrj stalhzation N** 
snaljses were carried out m the manner described above for guanidme 
picrate 

The methanohc solution containing pyrimidine nucleosides w as taken to 
drjmess and the dark colored residue suspended in 15 cc of 20 per cent 
HCl, sealed m a bomb tube, and heated at 185° foi 3 hours The contents 
weie filtered and the filtrate evaporated to drjmess The residue was 
digested with 20 cc of water, filtered, and acidified with 1 drop of concen- 
trated HNO3 Undesirable by^-products, purmes, phosphates, etc, were 
removed by addition of 5 0 cc of 10 per cent silver nitrate, the precipitated 
sib er Salts carefully w ashed, and the combined filtrate and w ashings con- 
centrated to less than 3 0 cc The bulk of thy^mme crj'stalhzed out m the 
form of long needles Aftei repeated recrj'stalhzation from water, the 
yield Wias 10 to 15 mg 

The filtrate from thymine was neutralized wnth barium hydroxide and 
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anj precipitate uhicli formed »'elow pH 7 as discarded On further 
addition of banum hydrovide pvnmidine silver precipitated together inth 
some AgoO The precipitated sih er salts m ere carefulh m ashed until free 
from alkali, suspended in 20 cc of water, and decomposed with hj drogen 
sulfide The clear filtrate from Ag.S was concentrated to 1 0 cc and 20 
cc of saturated picric acid were added Qvdosine picrate precipitated 
immediately and was reci^-stallized from hot water until anal} ticall} pure 
For analyses the picrate w as decomposed as described above 

Gxtamne Feeding Experiment 7— Four adult male rats inth a combined 
weight of 12/3 gm were fed 158 mg of guanme hydrochloride (4 03 atom 
per cent N*® excess) over a period of 3 da}s The amount of guanine was 
calculated to be appioximatel} equivalent to the amount of allantom 
excreted The results of this experiment are recorded m Table I 

Experiment II — This ex-periment was identical with Experiment I except 
that the animals receix'ed twice the amount of guanme h} drochlonde per 
kilo per day The results are recorded m Table I 

Experiment III — Two adult pigeons with a combmed weight of 810 gm 
were fed 54 mg of guanme hj drochlonde per kilo per dax The animals 
were killed 6 hours after the last feedmg, and purines, creatine, nucleic 
acids, and unc acid were isolated The anal}dical values are recorded m 
Table I 

Creatine Feeding Experiment I — ^Four adult male rats weighmg 1215 
gm were fed 44 mg of creatme hydrate per kilo per da} for6da}’s The 
urines from the first 4 da} s w ere pooled and allantom isolated The sam- 
ples of allantom fiom the last 2 days of Animals 1 and 2 as well as 3 and -t 
were foimd to have identical isotope content, namel} , 0 004 atom per cent 
N’* excess No isotope w as found in the combmed purmes isolated from 
the mtemal organs The creatinine h}drate was prepared as preuoush 
reported (15) and contained 3 31 atom per cent N“ excess m the amidme 


group only 

Experiment II — Four adult pigeons with a combined weight of 1402 gm 
were fed 60 mg of creatine hxdrate per kilo per dav for 3 da}s The 
creatme h}drate contained 3 31 atom per cent N'® excess, with the isoto^ 
marker m the amidine group onh Of the substances isolated onlv the 
muscle creatme contained isotope, and a degradation with bar}4a showed 
that all of It was located m the amidine group, the sarcosme moiety con- 
taining none A protein h} droh-sate and argmme isolated from it did no 
contain any isotope The ana^dical values are recorded m Table II 
Experiment III— Two adult pigeons with a combmed eight oi 8/ E 
were fed 44 mg of creatme h}drate per kilo per day for 3 dais 
creatme was prepared from isotopic sarcosme and noi^l 
ontamed 3 34 atom per cent N» excess The ^ ^ 

and unc acid were isolated The results are tabulated m Table 
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Guamdoacehc Aad Feeding — T\\o adult pigeons ivith a combined -a eight 
of 710 gm were fed 47 mg of guanidoacetic acid (3 34 atom per cent N"® 
excess) per kilo per day for 3 days The combmed purmes, unc acid, 
creatmme, and nucleic acids were isolated The results are recorded m 
Table II 

Uracil Feeding — Eight adult male rats with a combmed weight of 265 
gm were fed 30 mg of isotopic uracil (5 48 atom per cent N'® excess) per 
rat per day for 3 da'ss The results of this experiment are given in Ta- 
ble III 

Thymine Feeding — ^Four adult male rats inth a combmed weight of 1200 
gm were fed 33 mg of isotopic thvmine (4 88 atom per cent N“ excess) 
per rat per day foi 3 daj s The results are given in Table III 

DISCUSSION 

In mvestigations carried out m this laboratory over a period of 6 years, 
it has been found that the addition to the diet of substances which are 
normal tissue constituents leads to then deposition as an inseparable mix- 
ture of the preformed and dietary material In contrast to this, the nitrog- 
enous bases of nucleic acids, the purmes and pyrimidines, do not enter 
the structure of the nucleus but are immediately metabolized to their 
respective end-products This exception to the rule is difficult to explain 
Since these bases are metabolized m a normal fashion, it must be assumed 
that they enter the cell specific for this transformation and that the 
metabolic changes take place m the cytoplasm This may be due either 
to a certam specificity of the nuclear membrane or the mabihty of the 
nucleus to utilize prefonned dietary purmes and pynmidmes for the 
synthesis of nucleic acids and nucleoprotems In view of the fact that 
there is considerable e\ idence agamst the concept of two independent tj^ies 
of catabolisms, the specificity of the nuclear membrane is the more plausible 
explanation 

The findmg (Table II) that creatme and guanidoacetic acid are ineffective 
as punne precursors and are not metabolized to unc acid illustrates the 
biological mertia of creatme and its precursors m birds In the pigeon, as 
in the rat, the conversion of guanidoacetic acid into creatme appears to be 
unidirectional 

In contrast, the results of the pynnudme experiments do not lead to so 
clear a conclusion The pyrimidines themselves, although almost quanti- 
tatixely absorbed when admmistered m small amounts, are not deposited 
in the nucleus but are immediately metabohzed to urea and ammonia It 
IS entirely conceixable that the truly nuclear pynmidmes are catabohzed m 
the same way but it is quite possible that they represent mtermediates m 
the biological synthesis of purmes m the nucleus if the startmg materials are 
relatively simple substances, such as ammonia and small orgamc molecules 
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The biological changes of purines and pyninidines here reported represent 
a cytoplasmic” catabolism and throw no light upon the "nuclear” synthe- 
sis of purmes 

The findings here reported, like those of Barnes and Schoeaheimer (1) 
indicate that all ammo acids except lysme (22) participate mthe synthesis of 
purmes, and that neither histidme nor argmme makes any outstanding 
contribution to it The hypothetical conversion may be summarized bv 
the accompanymg diagram 

Ercrela 

Punnes ■ - ► punnes (allantom) 

y 

Nucleoproteina. 

T 

Pyrimidines -j ^ 

Ammo acids * atnmoma pool 

Proteins — ► guanidoacetic acid — > creatine — > creatinine 

SUaiMARl 

1 Isotopic guanme ivas prepared which contamed isotopic nitrogen in 
nitrogen atoms 1 and 3 of the ring, as well as m the free ammo group at 
position 2 

2 No connection between the creatme cycle and purme and pynnndine 
metabohsm could be detected 

3 The conversion of uracil and thymme to urea and ammonia, obsened 
by Cerecedo and coworkers, was confirmed 

4 Evidence w as presented that pyrimidines are completely metabolized 
when admmistered m small amounts 

6 Guamdoacetic acid was shown to be an effective creatme precursor m 
birds It does not act as a purme or pyrimidme precursor 

6 Neither purmes nor pyrmudmes supphed m the diet are utihzed by the 
body for the synthesis of nucleoprotems The behef is expressed that they 
are either synthesized mthm the nucleus from smaller molecules or they 
are utihzed for such a synthesis if they are supphed as nucleosides, nucleo- 
tides, or nucleic acids 

The authors are mdebted to Dr S Ratner and Dr D Rittenbeig for 
their unfailmg cooperation 
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The fundamental obsen ations of Petal's (1) and his school disclosed that 
\itamm Bi deficiency studied in pigeons is associated nith inabiliti to 
oxidize P 3 rinic acid These obsenations stimulated interest in the re- 
lationship between pjTuiic acid and caibohydrate metabolism Among 
the impoitant contributions are those of Lohmann and Schuster (2) and 
Banga, Ochoa, and Peters (3, 4) who showed that diphosphothiamine was 
the coenjgune for carbo\ 3 dase The jnabiht 3 to o'udize pj i unc acid in the 
absence of ntamin Bi has been examined in man 3 species including the 
human being Platt and Lu (5) showed that the se\erit 3 of beribeii in 
human subjects could be corielated with the concentiation of piruiic acid 
in the blood "When ther used exercise as a means of increasing the con- 
centration of pyruvic acid in the blood, the 3 obsened that its rate of 
reinoral was slackened in ratamin Bx-deficient subjects (6) Woitis and 
coworkers (7) have found that in othei conditions associated with acute 
ritamin Bi deficiencj, namelj IVermcke’s sjndrome and acute peripheral 
neuropath 3 , pyruvic acid accumulates in the blood stieam 

The normal level of P 3 rur ic acid in the blood is low not onlj because the 
tissues oxidize it rapidlj , but also because some of it is reduced to lactic 
acid The observations of Stotz and Bessey (8), of Fnedemann and Bar- 
borka (9), and of lOein (10) indicate a more or less constant equihbnum 
betw een lactic acid and P 3 ru\ ic acid In humans the ratio is appi oxi- 
mately 12 2 and in rats 9 4 (S) In the present obserr ations the relation- 
ship of the concentrations of blood sugar, lactic acid, and p 3 ruxnc acid was 
determmed undei two conditions, first, aftei the injection of glucose, and 
second, after the mjection of P 3 rurac acid The tests w ere performed first 
after the dogs had been on a complete dietarj Later while these same 
animals were ingesting a diet devoid of vitamin Bi, thej’’ were tested twice, 
once before thej show ed signs of acute deficiencj and again later w hen thej 
were m extremis 

* 4ided by a grant from the WiIliams-BatermTn Fund of the Research Corpora- 
tion 
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Method 


Diclary—^vdeen health 3 adult dogs were carefullj chosen The} were 
placed on the follomng diet similar to that of Street, Cowgil], and Zimmer- 
man (11) Labeo nfamm-free casern 23 per cent, sucrose 50, Cnsco’ 20, 
bone ash 4, Food Reseaich Laboratories salt mixture (12) 3 Brewers’ 
} east when given w as added to the diet in an amount equal to S per 
cent of the weight of the diet 

A portion of this diet equiialent to 90 calories per kilo was carefuhi 
weighed out daily for each dog, the amount recalculated week!} m accord- 
ance with change m weight 

This Mtamm-free diet was supplemented with the following sjuthetic 
intamin mixture, giien b} capsule three tunes weekly per kilo of bod} 
weight per day thiamine 0 05 mg , nboflamn 0 10 mg , macm 2 00 mg , 
P}-ridoxine 0 06 mg , calcium pantothenate 0 25 mg , cholme 50 00 mg , 
inositol 0 30 mg , p-aminobenzoic acid 0 30 mg , vitamm A 857 umts, 
■vitamin D 107 umts 100 mg of vitamin C and 1 mg of vitamin Ivwere 
given each dog orally eier} 2 weeks- 

During the control penod of 5h months while the sixteen dogs were on 
the aboi e diet supplemented wnth i east and ntamms as mdicated, the} 
all showed a moderate gam in weight and were m excellent condition 
They were under close obsenation and no difference from dogs receinng 
the standard dog diet could be detected After this penod of alimentation, 
SIX of the ammals were retained as controls and the other ten were u'ed 
as test animals for acute xntanun Bi deficienc} Two of the controls con 
tmued to receive the diet plus S per cent } east and ntamins as prewousl} 
The other four control dogs were matched wuth four of the test animals 
Their diet contained no yeast and differed from that of the test animals 
onl} in that their ntamm capsules contamed 50 y per kilo per day of thia- 
mine, m addition to the other ntamms, whereas the vatamin capsule of the 
test anmials contained no thianune at all Each day the diet of the control 
dogs contained the same number of calones as were ingested by the dog 
with which they were matched on the previous daj 

Cheni 7 eal DcienmnaUons — After the sixteen ammals had been on the com- 
plete dietar} for 3i months, control \ alues were estabhshed for them for 
the effects of tlie injection of glucose on the blood ler els of glucose, lactic 
acid, and p}tumc acid In the next month, w hile the dogs were still on the 


I W’c w ish to thank The Procter and Gamble Companj for their generous supplies 
ish to thank Dr T Subbarow of the Lederle Laboratones Inc , ^ 

Inc , Rensselaer, Kew York, for his generous supplies of ntanuns C and a- 
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same diet, contiol values were also established for the effect of the injection 
of pj nimc acid on the levels of glucose, lactic acid, and pjmivic acid The 
following method w as used for all evpenments A 2 cc sample of blood 
was collected from the femoral arterj in a 2 cc ^nnge 1 cc of it was 
expressed directly into 5 cc of cold trichloroacetic acid for p 3 TUvic acid 
anatysis bj’^ the method of Fnedemann and Haugen (13), the other cc 
mas expressed mto 8 cc of Somogyi’s Solution I (14) to be anal 3 ’' 2 ed for 
lactic acid by the Barker and Summerson method (15) and for glucose b 3 " 
the Hagedom and Jensen method (16) 

The control sample was taken after a preliminary restmg period of 4 
hour For the glucose tests, the remaining samples were drara after 15, 
30, 60, 90, and 120 minutes After the mtraxenous mjection of 0 5 gm 
per kilo of freshly distilled P 3 rumc acid neutralized to pH 6 3, blood samples 
were collected at 5, 20, and 60 minutes 

Three sets of tolerance tests were performed on each dog The first 
set consisted of the control glucose and p 3 TU\'ic acid tests on each of the 
sixteen dogs as mentioned aboie Aftei these had been completed, the 
ten expenmental animals mere placed on the mtamin Bi-deficient diet 
3 to 8 w eeks after vitamm B j had been ehmmated from their diet and before 
they exhibited the neurological symptoms of vitamin Bi deficienc 3 , they 
were all subjected to the glucose test, and eight of them to the p 3 Tuvic 
acid test Fmally, the third set of tests w as performed on each of sei en 
animals as they mamfested the se\ere acute signs of ntamm Bi deficiency 
This last set of expenments differed from the prenous ones in that m sl\ 
of the ammals the pyruvic acid test immediatel 3 ’^ follow ed the glucose test, 
the 2 hour blood sample bemg the control for the p 3 Tiivic acid test In 
a seventh expenment of this group, the glucose and pyruvic acid tests 
were made on two different animals, one received only the glucose test 
and the other only the p 3 rruvic acid test, smce it was deemed immise to 
wnthhold vitanun Bi long enough for both of these exammations 

Results 

The results are presented m three groups (see Table I) The first group 
represents the effects of glucose and p 3 Truvic acid mjection on the blood 
glucose, P3rruvic acid, and lactic acid for the first set of observations made 
on the dogs, t e , those done while the dogs mere on the synthetic diet plus 
brewers’ yeast and the full complement of ntamins For the glucose test 
a ratio of approximately 74 is observed between lactic acid and p 3 TU'nc 
acid Lactic acid rose from an average of 6 8 mg per cent to a maximum 
average of 10 7 mg per cent at 30 imnutes and decreased to an a\ erage 
slightly below the control lalue m 2 hours P 3 TU\ac acid startmg with 
an imtial level of 0 9 mg per cent went to 1 3 mg per cent m 30 nunutcs 
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and returned to its onginal leiel m 2 hours These animals aU showed 
a normal glucose tolerance cun e The injection of pjTunc acid mto the 
dogs at this tune did not alter the lei el of glucose significant!} The ai er- 
age concentrations of lactic acid and pvmnc acid rose, howerer, to 31 9 


T\ble I 

Ghrcose and Pyrwic Tests tn Xormal Dogs, ParitaJly Depleted Dogs, and Dogs in 
Acnle Viiamtn S, Deficiency 
The results are expressed m mt per cent 


No 

of 

dogs 

Condition of dogs 


B 

B 


tolennc< 

60 ram 

90 tom 

120 xmn 

16 

Normal 

Glucose 


462 

264 

123 


95 

93 



Lactic ncid 


10 0 

10 7 

B 


7 0 

6 2 



Pjrutac " 

0 9 


1 2 

1 3 

u 


1 1 

09 



Lactic piruvic 

7 9 


8 2 

8 0 



6 5 

68 

10 

Tiuamine-defi- 

Glucose 

130 

639 

355 

191 

131 

113 


cient, no s}Tnp- 

Lactic acid 

12 5 

16 4 

20 5 

IS 0 


15 4 

13 2 


toms 

P)ru\ic “ 

2 1 


2 6 

2 9 

2 6 


2 2 

21 



Lactic piruMc 

5 S 


6 2 

7 2 

70 


6 9 

54 

7 

In extremis 

Glucose 

199 

670 

481 

365 

2S9 

249 



Lactic acid 

67 5 

77 4 

76 3 

65 9 


61 1 

562 



Pjrunc “ 

6 3 


7 0 

7 0 

6 5 


5 9 

5 7 



Lactic-pi ruvic 

10 7 

11 0 

10 8 

10 2 


10 4 

9 S 




acjd tolerance 




Control 

5 nun 

20 imn 

60 Iran 

16 

Normal 

Glucose 

85 


8S 

89 


90 



Lactic acid 

6 8 

31 9 

17 2 



74 



Pj ruvic “ 

0 9 

16 3 

2 6 


1 2 



Lactic p>ru\ic 

7 

5 


19 

6 6 


6 1 

8 

Tbiamine-defi- 

Glucose 

157 


135 

124 


122 


cient, no sj-mp- 

Lactic acid 

14 3 

53 4 

52 6 


2o 3 


toms 

Pjrunc *' 

9 

2 

35 9 

9 5 


4 9 



Lactic pi rune 

6 6 


15 

5 7 


5 2 

7 

In extremis 

Glucose 

227 


208 

182 


lo6 



Lactic acid 

57 6 

97 2 

90 7 


94 4 



Pjrunc “ 

5 6 

63 1 

13 1 


i / 



Lactio-pj rune 

12 8 


15 ( 

6 9 

— 

12 8 


and 16 3 mg per cent respectii el}-, and decreased to 74 and 12 mg pe 
cent, \alues approaching the control t-alues, at the end o ^ 

In the second set of obsenations, le those made 
had been on a vitamm Bz-deficient diet but did not } et ejJnbi s} P 
TdeSicy, the glucose test discloses that three of the animals had high 
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postabsorptive glucose levels, and that 2 hours after the injection the glu- 
cose had not returned to normal le\ els in siv dogs Only four of the ani- 
mals shoved postabsorptive lactic acid lalues abo\e the normal range, 
but after injection the lactic acid in all but two rose to abnormally high 
concentrations The pyruvic acid cunes of all of these animals starting 
postabsorptively and contmumg after the injection of glucose vere ab- 
normally high At the time the pyruvic acid test was made, four of the 
eight animals had high postabsorptive glucose levels These postabsorp- 
tn e values veie somevhat different from those obtamed at the time of the 
glucose test, as they were taken at a later date when the animals were in 
a more deficient state In foui of the ammals the lactic acid concentrations 
m the postabsorptive restmg state were still wothm the normal range, but 
after pjTuvic acid injection the blood lactic acid of all but one of them rose 
to abnormally high levels and remained high for the duration of the ex- 
periment The pyruvic acid values were all high 

In the third set of observations, t e those performed on animals mam- 
festmg sucli frank signs of vitamin Bi deficiency as anorewa, vomitmg, 
w eakness, and especially the terminal signs of convulsions and opisthotonos, 
all showed abnormally high glucose, lactic acid, and pyruvnc acid blood 
V alues both postabsorptively and follovnng the injection of either glucose 
or pyruvic acid 

The av'erage ratio of lactic acid to P 3 ruvic acid m the normal dog in the 
postabsorptive condition is 7 9, the lowest value bemg 3 8 and the highest 
11 6 The controls taken for the pjTuvic acid test exhibited v^ery close 
values to those for the controls taken m the glucose test with an average 
of 7 5, thus demonstratmg the reproducibilitj’- of the present results The 
average lactic to pyruvic acid ratio decreased a httle durmg the glucose 
test, the average for all the values bemg 7 4 The mjection of glucose, 
therefore, exerted httle influence upon this ratio It is obvious that in 
the partially deficient animals, t e those not yet showmg the neurological 
symptoms of vitamm Bi deficiency, a tendency to be low is observed, 
with an average of 6 4 for the glucose tolerance test The lactic to pyruvic 
ratios for the group of animals mamfestmg severe acute signs of vitamin 
Bi deficiency are all abnormally high and durmg the glucose test averaged 
10 5 The ratio was decreased by the mjection of p 3 TUvio acid and al- 
though it rose rapidly towards iformal durmg the first 20 mmutes it bad 
not m most instances reached the control v^alue b}’’ 60 mmutes 

DISCUSSIOV 

Changes m the concentration of the three substances studied, glucose, 
lactic acid, and pyruvic acid, were found to vary m accordance with the 
seventy of the deficiency The glucose curv es showed signs of disturbance 
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even m the group of animals uhich -were only partially deficient There 
Mere three instances of high postabsorptive levels and after the injection of 
glucose three of the curves had not returned to normal levels at the end of 
3 hours More marked is the effect observed during the acute episodes 
In all but one instance, in an ammal u hich had been vomitmg repeatedly, 
the postabsorptive level v as exaggerated, and the glucose tolerance curve 
V as high and prolonged These curv es resemble those obtained m diabetes, 

in vhich M e know carbohj^drate oxidation is dimmished and storage of hver 
glycogen is impaired In our vitamin Bi-deficient animals similar changes 
may be the cause of the diabetic type of curve These two changes may 
be attributed directly to lack of the vitamm, or mdirectly to the influence 
of deficiency in the islands of Langerhans and the hver, or they may simply 
be due to hunger diabetes The third possibility is considered improbable, 
because the animals that ate best exhibited the deficiency symptoms earli- 
est, but nevertheless showed the same diabetic type of curve 
The cause for the accumulation of pyruvic acid and lactic acid has been 
established by the observations of many authors (1, 5) Smce diphospho 
f, thiamine is necessary for the oxidation of pyruvic acid, m vitamm Bi de 
ficiency pj'ruvic acid must accumulate in the tissues and blood stream 
(5) Furthermore, smce a ratio exists betiveen the amount of pyruvic and 
lactic acids in the blood (8), it might be expected that the lactic acid con- 
centration should also nse Pyninc acid is reduced to lactic acid m the 
blood or IS absorbed by the tissues for oxidations Previous work has 
shown that the ratio of lactic to pyruvic acid, even durmg rest, vanes 
from species to species Moreover, m the individual it vanes still more 
dunng exercise Fnedemann and Barborka (9) find a higher ratio, with 
lactic acid values raised above 20 mg per cent by exercise In early thia 
rmne deficiency we observed a lower than normal ratio, but for ammals 
in extremis the ratio was observed to attam maximal values, all but one of 


them above 10 The low ratio in the partially deficient ammals is in ac- 
cordance vvith the previous experiments of Stotz and Bessey (8) They 
observed a lower than normal ratio m thiamme-deficient pigeons and inter 
preted this finding as mdicatmg a marked decrease m pyruvic acid break- 
dowm Similar falls may be calculated from the data reported by Wilhams, 

Mason, Power, and Wilder (17) in human beings m experimental thiamine 
deficiency Such high ratios as we hav% observed m our annuals m ex 
tremis have not been prevuouslj reported The tissues of these a^a 
are able to utilize neither pyruvic nor lactic acid adequate!}' ® ^ 
m lactic acid, especiall}, mav be considered m relation to the repor 
mabihtj of the hver to retain gl} cogen m instances of extreme 
B, deficiencv (18) It is well known that acidosis causes a depletion of 
2d a, high pyru™ ao,d and .spec.Uy the h,gh ).* 
acid must tend to produce an acidosis 
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SUMMARY 

Normal controls for the response to the injection of glucose and pjouvic 
acid in terms of the changes of lactic acid and pyruvic acid m the blood 
have been established The postabsorptive value for the lactic acid to 
pjTuvic acid ratio m the normal dog has been found to be 7 9 and 7 5m 
two sets of experiments, each set on sixteen dogs, yieldmg an average of 
7 7 for all our observations on normal dogs The mjection of glucose 
exerted httle influence on this ratio and the average lactic acid to pyruvic 
acid ratio for the whole senes of observations dunng the glucose tolerance 
test was 7 4 

As a result of vitamm Bi deficiency m most instances, the postabsorptive 
level of blood sugar became high and the curve exaggerated Both lactic 
acid and pyruvic acid accumulated m the blood of vitamm Bi-deficient 
animals In partially deficient animals the average lactic acid to pjTuvic 
acid ratio was lower than m the normal, with postabsorptive values of 
5 8 and 6 6, m extremis it was higher than m the control, with a post- 
absorptive value of 10 7 
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THE OCCURRENCE OF SOME PREVIOUSLY UNREPORTED 
FATTY ACIDS IN PEANUT OIL 
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(From the Department of Phystologteal Chemistry, The Ohio Stale University, Columbus) 

(Received for publication, January 12, 1944) 

One of the early mvestigations of peanut oil was that made by Jamieson, 
Baughman, and Brauns (1), who exammed two types of crude oil which 
they had expressed from Virgmia and Spanish types of peanuts, respec- 
tively They isolated hgnocenc, arachidic, steanc, and palmitic acids and 
identified these products by melting pomt determinations and elementaiy 
analyses The presence of oleic and hnoleic acids m the ongmal oil was 
established by the bromme content of the respective bromme addition 
products of the two acids Holde, Bleyberg, and Eabmowitsch (2), work- 
mg at a later date, claimed to have isolated behemc acid from peanut oil 
and reported the presence of pahmtic, steanc, arachidic, hgnocenc, and 
camaubic acids, as well Longenecker (3), usmg peanut oil to test a 
fractionation equipment, repoited the presence of mynstic and palmitoleic 
acid m peanut oil, together irath the acids noted by the previous mvestiga- 
tors Longenecker based the identification of the compounds which he 
reported on the lodme numbers and saponification equivalents of the frac- 
tions separated 

In order to determme the nature of spoilage which had occurred in a 
large consignment of peanut butter, a study was made of commercial 
peanut oil For this purpose we purchased an edible grade of peanut 
oil havmg an lodme number of 90 7, a saponification number of 193 3, 
and a refractive mdex of 1 45, at 20° The methyl esters from 9 5 kilos 
of peanut oil were prepared by refiuxmg m 1 5 kilo portions on a water 
bath 14 to 15 hours mth 4 liters of methyl alcohol contammg gaseous 
hydrogen chloride 

After the mixture of esters had been cooled and washed three times with 
5 or 6 hters of water, the last traces of w'hich w ere removed under reduced 
pressure, 8956 gm of methyl esters remamed and were fractional!! dis- 
tilled four times at 15 mm pressure In the first three distillations, frac- 
tionations were made at 20°, 10°, and 5° mtervals, respectneh , a fourth 
refractionation, also at 5° mten^als was made to obtam a sharper separation 
of esters Durmg the first two fiactionations, distillation progressed at a 
rate such that the drops could just be counted as thej’’ fell into the receu mg 
flask Durmg the last tw o refractionations, the rate w as about 100 drops 
a mmute The final distillation yielded thirty-eight ester fractions, the 
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first of M'hich boiled below 85° 
distilled at 265° under 15 mm 


at 15 mm pressm-e, and the last bad not 
pressure 


Since u e could find no report of any low boding acids m the esters present 
m peanut oil, -vse decided to e\amme the material more thoroughly m 
order to determme whether such compounds had escaped the notice of 
previous workers 


E'CPERniENTAD 

lodme and sapomfication numbers obtamed for each of the thirty-seven 
fractions distdled from the crude esters compnse the data m Table I 
The Heights of the fractions plotted against fraction numbers are the 
basis of Pig 1 Because the amounts of material m Fractions 23 to 28 
Here so great, Curve 2, m which the scale of Heights is one-fiftieth that of 
Cun e 1, H as substituted m that area A senes of peaks at the maamum 
concentrations of the esters of the vanous acids present occurred at ap- 
propnate places for the esters of Cg, Cu, Ci 4 , Cn, C-d, and Ca acids 
To show the distnbution of the unsaturated acids, the lodme numbers 
were plotted against fraction numbeis (Curve 1, Fig 2) In Curve 2, 
the lodme absorption values were plotted against the fraction numbers, 
Curve 2, mcludmg that portion of Curve 2 nbich Hould L've gone off the 
scale, shoHs the lodme absorption figures reduced to one-five-bundredth 
of their true values The large peak m Cun e 1 occumng for Fraction 26 
IS ^ ery indicative of unsaturated Cis acids, the peak at the same point in 
Cun e 3 strengthens this possibility 
Brommation of portions of the vanous fractions in diethyl ether con 
taimng a small amount of glacial acetic acid did not result m the formation 
of any ether-msoluble matenal Unsaturated acids contauung more than 
tHo double bonds are, therefore, not piesent m the oil 
Since only ^ ery small amounts of matenal Here present in several of the 
lower fractions, an additional 15 5 kilos of peanut oil were estenfied and 
fractionally distilled The use of a constant pressure regulator resulted 
m a sharper separation of fractions, so that no matenal distilled between 
100-115° 


IsolaUon and Idenhficahon of Fatly Acids 
Saiuraied Acids Capryltc Aad— The presence of capryhc acid m the 
fractions distilling below 100° was established as follows 

Those fractions prepared without the use of the constant pre^e regu- 
lator Here combmed aad the saturated acids separated by 
after brommation m ether, foUoned by removal of 
as the ether The esters so obtamed distiUed at 83 under 
sure This is the boiling pomt for method capr}late as found by 
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mtsch (4) and Jamieson (5) Those fractions prepared with the constant 
pressure regulator Mere combmed and subjected to the lead-soap-ether 
method for removmg unsaturated matenal A saturated acid thus iso- 

Table I 


Some Constants of Fractions Made at 6° Intervals (iB Mm Pressure) of Methyl Esters 

from Peanut Oil 


Fraction No 



I No 

lodmeabsorption 
per fraction 

ilean mol wt of 
aads 



gm 


ir» 


1 

85 

16 7 

1 7 


141 3 

2 

85- 90 

14 5 

1 3 


147 9 

3 

90- 95 

6 5 

2 1 



4 

95-100 

2 0 

* 


* 

5 

100-105 

2 5 


* 

♦ 

6 

105-110 

1 2 

* 

« 

* 

7 

110-115 

1 7 

* 

* 

* 

8 

115-120 

7 0 

1 5 


176 6 

9 

120-125 

10 5 

1 9 


ISO 5 

10 

125-130 

13 5 

2 5 


185 4 

11 

130-135 

22 0 

1 5 

BBI 

193 1 

12 

135-140 

69 0 

1 7 


200 8 

13 

140-145 

67 5 

2 4 

1 62 


14 

145-150 

54 5 

2 5 

2 725 

202 8 

IS 

150-155 

46 0 

2 7 

0 702 

209 6 

16 

155-160 

16 0 

3 5 

0 175 

209 7 

17 

160-165 

5 0 

4 1 

0 08 


18 

165-170 

17 5 

17 1 

1 2425 

219 1 

19 

170-175 

14 1 

23 0 

3 243 

224 5 

20 

175-180 

18 0 

29 1 

5 238 

234 6 

21 

180-185 

24 7 

37 0 

9 139 

237 3 

22 

185-190 

53 5 

85 8 

20 153 

244 3 

23 

190-195 

158 0 

43 4 

68 572 

252 2 

24 

195-200 

396 0 

61 1 

241 956 

262 7 

25 

200-205 

1657 5 

83 2 

1379 04 

271 3 

26 

205-210 

4107 7 

106 3 

4366 4851 

277 5 

27 

210-215 

870 8 

103 5 

901 278 

277 9 

28 

215-220 

107 4 

91 4 

98 1636 

279 6 

29 

220-225 

48 2 

80 5 

38 801 

287 S 

30 

225-230 

31 0 

70 7 

21 917 

294 0 

31 

230-235 

15 2 

56 0 

8 512 

301 1 

32 

235-240 

17 0 

43 6 

7 412 

304 6 

33 

240-245 

29 2 

31 5 

9 198 

317 0 

34 

245-250 

43 0 

22 6 

9 71 

322 3 

35 

250-255 

29 8 

11 9 

3 55 

339 3 

36 

255-260 

61 8 

6 2 

3 S3 

341 0 

37 

260-265 

32 5 

4 9 

1 59 

354 0 

38 

* 

« 

• 




Not determined 









Tot^tnc Number 



Fig 1 Curves derived from the weights of the several fractions 



Fraction fi/umber 


Fig 2 Cur%es denved from the iodine numbers of the several fractions 
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lattd, after several recrystallizations from 95 per cent ethyl alcohol, pos- 
sessed the followmg constants meltmg pomt 15 7°, meltmg pomt of capr 3 he 
acid 16 5°, molecular v eight 147 6, moleculai m eight of capryhc acid 
14412 

Launc Acid — ^Although the absence of capnc acid seemed probable from 
the appearance of the curve (Fig 1), nevertheless, the fractions boihng 
between 115-130° were imestigated for the presence of this acid The 
saturated esters were separated from unsaturated matenal by brommation 
of the combmed fractions and distdlation as m the case of the acids pre- 
viously described The saturated matenal thus separated possessed the 
charactenstics shown m Table II 

Inspection of the data for the matenal boihng below 125° reveals that 
the meltmg pomts are too low and the molecular weights too high for 
capnc acid The melting point and molecular weight of the matenal 
distilling between 125-130° agree closely with the values for launc acid 
It IS, therefore, probable that the small amount of matenal originally 

Table II 


Idenlificaiion of Launc Acid 


Observed (or acid isolated 

j Fraction boihag (IS mm pressure) at 

Accepted values 

1 15-120 

1 120-125 1 

1 125-130 1 

Capnc acid 


Mp,<’C 1 

Mol wt 



m 

31 3 

172 15 

45 6 

200 19 


distilhng between 100-125° at 15 mm consisted of a mixture of Cs and Ci- 
saturated acids 

The presence of launc acid previously suspected m Fractions 12 to 15, 
because of the characteristic peak m the curve (Fig 1), was definitely 
established by isolating the free acid from the esters and recrystallizmg 
several times from 95 per cent alcohol The acid so prepared possessed 
the followmg constants observed meltmg pomt 43 5°, meltmg point of 
launc acid 43 6°, observed molecular weight 201 9, molecular weight of 
launc acid 20019, lodme number 0 8, lodme number of launc awd 0 0 

Mynsltc Acid — ^The presence of m}mstic acid in the fractions boihng 
between 155-175° was suspected from the appearance of the cun e (Fig 1), 
and was established m the following manner The saturated matenal 
w as separated from anv unsaturated compounds present bj the lead-soap- 
ether method The acid isolated from the ether-insoluble lead-soap pos- 
sessed the followmg constants when recrj'stallized several times from 95 
per cent alcohol obsen ed meltmg point of the lead salt 108 0°, melting 
point of lead mynstate 107 0°, obsen ed meltmg point of the acid 53 5°, 
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melting point of nijnstic acid 54 0°, obsen^ed molecular weight of the acid 
228 9 molecular weight of mynstic acid 2282, observed lodme number 
1 5, iodine number of mjYistic acid 0 0 
Palnnhc -4cid— Palmitic acid was isolated from the combined methyl 
esters boihng between 175-190° as well as from those boiling between 
190-195° and 195-200° bj' the lead-soap-ether separation The Mty 
acid so obtamed possessed the constants shown in Table Ilf after sev- 
eral recrystalhzations from 95 per cent alcohol 

Table III 


Idcnlt/icalton of Palmitic 4«d 



FracUoa boilmg at 

Accepted 


JiS-lWJ* j 

1 1!K>-I«* 

19S-W0 

paltoiticaod 

M p of lead salt, 'C j 

mSm 

|Riin| 

no 

112 

“ “ acid, 'C 1 



61 9 

62 6-63 

Mol w t of acid j 



257 4 

1 256 3 

1 Ko of acid 

: ^ 1 

1 07 

3 75 

00 


Table IV 


Identification of Slcarte Acid 



Fraction boihng (15 nun prcmrt) at 

Accepted 
values (or 


200-205* ; 

205-210 ; 

JlO-Jli* 

steanc sod 

M p of lead salt, °C 

118 



115 6 

“ “ acid, 'C 

65 

67 

62 1 

69 6 

Mol wt of acid 

279 9 

1 284 4 

292 

284 3 

I ho of acid 

I 6 

0 45 

42 

0 


Undoubtedly, the peak for the Cm saturated acid occurs m the fraction 
boilmg between 190-195°, for it is m this fraction that the closest agree- 
ment occurs The saturated acid from the fraction boiling between 
195-200° probablj contams small traces of steanc acid 
Skaric Acid—Steanc acid was present m several of the fractions but the 
best preparation was isolated bj’’ the lead-soap-ether method froni the 
methyl esters boihng between 205-210° at 15 mm The fatty acids so 
obtamed (or their denvatives) possessed tlie constants given in Tabe 
after several recrystalhzations from 95 per cent alcohol 

4rachidic-4ad— The presence of araehidic acid was defimtely estabUsnw 
in the fraction distillmg between 215-220° at 15 mm after sep^ ion 
the lead soap-ether method and also after low temperature crj-stallizano 
of the methyl esters from acetone Although steanc acid was pres 
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the same fraction, the arachidio acid crystalhzed first from ethyl alcohol 
Tile best arachidic acid preparation was that obtamed by redistilhng, at 
5 mm pressure, portions of the matenal boihng above 230° at 15 mm The 
fraction boihng at 205-210° at 5 mm pressure, when subjected to low tem- 
perature crystallization, yielded arachidic acid of high punty Constants 
for the acid obtamed from these fractions are given m Table V 
Behentc Acid — ^Behemc acid was identified defimtely m the methyl esters 
distilhng between 245-250° and 250-255° at 15 mm It is probable that 
the mixture distiUmg betv een 240-245° at 15 mm contamed a mixture of 
arachidic and behemc esters, smce after repeated attempts to purify the 
matenal by distillation at 0 3 mm pressure, a meltmg pomt of 77 5° and 


Table V 

Idenhficalton of Arachidic Acid 


1 

Fraction boil 
mg at 21S-220 

15 mm 

Fraction boil 
mg at 205-210 

S mm 

Accepted 
v&lues for 
arachidic aad 

M p of acid, °C 1 

74 

76-77 

77 

“ “ methyl ester, °<7 ! 

47 5 

46 5 

46 5-47 5 

Mol wt of acid 

301 8 

309 3 

312 

I No of acid 

5 21 

1 9 

0 


Table IT 

Idenlification of Behemc Acid 



Fraction boihng at 

Accepted 
%’alue5 for 
behemc acid 

240-245 

15 mzn 

24^250* 

15 Iran 

1 250-2^5 

1 15 mm 

210-220 

5 znm 

Mp 

of acid, °C 

77 5 

79 

1 ' 

79 5 1 

79 1 


tl 

" ester, °C 

49 5-50 

49 7 




Mol 

wt of acid 

328 

336 

, 339 

339 2 


I No 

of acid 

7 8 



2 47 



a molecular weight of 328 were obtained for the acid The purest acid 
was prepared from the fraction distilhng between 210-220° at 5 mm (ob- 
tamed by redistillmg at 5 mm pressure portions of the matenal boihng 
above 230° at 15 mm ) Constants for the acids obtamed from these frac- 
tions are given m Table VI 

Lignocenc Acid — Lignocenc acid W'as probably present to a slight extent 
m several fractions The best preparation was obtamed from the esters 
distiUmg between 260-265° , at 5 mm pressure The matenal was frac- 
tionally crystalhzed from 95 per cent alcohol and again reci^'stallized sev eral 
tunes after the acid had been freed from the esters The constants obtamed 
for these acids are given m Table VII 
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Vm^urated Acids 9-10 Oleic Acid-Q-lO oleic acid nas identified in 
several of the fractions beginning mth the methyl esters distilling between 
190-195° at 15 mm pressure Two general methods were used for the 
isolation of oleic acid (a) separation by the lead-soap-ether method, fol- 
lowed by further punfication by the banum-soap-benzene process, (b) 

Table VII 


Idenlificalxon of Ltgnocenc ind 



Fraction boil 
ing at 260-265* , 
15 mm 

Fraction boil 
log at 220-230 

5 mm 

Accepted 
values for 
lignocenc acid 

Mol wt 

365 

367 

36S 4 

M p of acid, °C 

83 1 

' 82 9 

84 2 

" " methyl esters, °C 

1 55 

54 5 

56 7 

I No 

0 49 

1 95 

0 


Table VIII 

CoTistants of Oleic Acid and Dentaitves Isolated from Fractions 












■mKOFF, KAPLAN, AND BERMAN 


235 


mth the methjl esters distilling between 200-205° at 15 mm pressure 
TNio general methods nere used for the isolation of the hnoleic acid (a) 
separation by the banum-soap-ether method, (6) low temperature crystal- 
lization of the methyl esters from an 8 per cent solution m acetone Identi- 
fication was made bj preparation of the crystalhne tetrabromide, smce m 
no case was it possible to isolate a pure preparation of the hnoleic acid 
(Table IX) 

Although shght peaks occurred m the lodme absorption curve (Fig 2) 
at the ranges 145-150° and 245-250° at 15 mm , we were imable to isolate 
additional unsaturated fatty acids from this matenal The fractions 
boihng between 175-200° at 15 mm were carefully exammed for the pres- 
ence of palmitoleic acid previously reported by Longenecker (3) However, 
a redistiUation of this matenal at 0 3 mm pressure yielded oleic acid as the 
only unsaturated matenal present 

SUMMARY 

1 Capryhc and launc acids were isolated for the first time from pea- 
nut oil 

2 The presence of mynstic, palmitic, steanc, arachidic, behemc, hg- 
nocenc, oleic, and hnoleic acids, previously reported as occumng m peanut 
oil, was confirmed 

3 The oleic acid foimd was the 9-10 isomer 
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MIINO ACID ABSORPTION AND UTILIZATION IN THE CHICK 
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(Received for publication, December 27, 1943) 

The rates of absorption of ammo acids from the gastromtestmal tract 
hat e been reported for the rat (1) and the let els of blood ammo mtrogen 
durmg ammo acid absorption have been reported for the rat, dog, and rab- 
bit (2-7), but no studies of this nature have been reported for the chick 
In tuetv of the known differences bettt een avian and mammalian nitrogen 
metabolism (8), it seemed desirable to study ammo acid absorption and 
utihzation m the chick It is the purpose of this paper to present data 
concemmg ammo acid absorption m the chick and changes m blood ammo 
nitrogen durmg the ammo acid absorption These data are compared with 
those for mammals which have been reported in the literature 

ElCPERIMENTAIi 

The rates of absorption of ammo acids from the gastromtestmal tract of 
the chick were determmed by the Con technique (9, 10) All of the e\- 
periments were conducted vi ith single comb white Leghorn chicks nhich had 
been previously fed a normal chick diet The chicks n ere fasted for 48 
hours before the ammo acid admmistration, but were allowed water ad 
libitum The majonty of the chicks weighed between 150 and 250 gm at 
the end of the 48 hour fast 

The ammo acids' used w ere commercial preparations With the excep- 
tion of tyrosme, all of the ammo acids were administered m solutions con- 
taining 12 to 31 mg of ammo mtrogen per cc To establish uniform con- 
ditions, an attempt was made to administer the ammo acids after half 
neutrahzation with sodium hydroxide When this was impossible, the 
amino acid was administered m a more soluble form, either as the complete 
sodium salt, or as the hydrochloride Tjwosme, which was not soluble 
enough to give the desired concentration even as the sodium salt, w as ad- 
mmistered as a well shaken suspension The concentration of each solu- 
tion w as determmed by both micro-Kjeldahl and ammo nitrogen analj ses 
The ammo acids m solution were administered directlj^ mto the crop bi 
means of a cahbrated sjnmge to which a piece of No 6 catheter tubing was 

* Present address, Poultrj Department, Colorado State College, Fort Collins 

' The amino acids were purchased with funds donated bj the Nutrition oun a 
tion, Inc 
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attached The tyrosine suspension n as administered to the crop by means 
of a serological pipette iihich was washed out after the administration to 
detemime the tyrosme remainmg on it During the absorption penod, the 
^ent Mas clamped inth a paper clamp (Hunt clip No 0) to prevent any 
excretion 

To deternune "whether matena.1 injected into the crop pESsed quickly 
into the absorbmg portions of the gastromtestmal tract, a solution of 
methylene blue uas admmistered to two fasted chicks The first chick 
Mas killed after 5 minutes and the methylene blue Mas found in the crop, 
proi entriculus, and gizzard The second chick Mas killed after 10 mmutes 
and the methylene blue was found as far as half-May along the small m- 
testme Henry ct al (11) found that m a fasted chick the crop discharges 
material mto the gizzard almost immediately 
All values of the absorption rate Mrnre obtamed for a 3 hour absorption 
jjenod At the end of 3 hours the chick M as killed by dislocatmg the neck, 
and the esophagus was tied near the phar}Ti\ The entire gastromtestmal 
tract Mas then removed and frozen m a refrigerator Upon removal from 
the refngerator, the exterior of the gastromtestmal tract was carefully 
washed Avith warm water and the mesentery mss removed The tract 
was then opened. Mashed four times Mith distilled Mater, and the volume 
made up to 500 cc An aliquot of this solution mes diluted Mith an equal 
\ olume of 10 per cent trichloroacetic acid to precipitate die proteins, nhich 


Mere then removed by filtration 

Ammo nitrogen was determmed in the filtiate bj the method of Folin 
(12) as modified by Danielson (13) The methoa Mas further modified by 
makmg all of the determmations m 1 66 per cent trichloroacetic acid Be- 
fore procedure ivith the standard method, each sample was neutrahzed to 
the phenolphthalem end-pomt Mith sodium h\ droxide AH of the readings 
M ere made betM een 20 and 22 hours after addition of the sodium /J-naphtho- 
qumone-4-sulfonate reagent and 8 minutes after the bleachmg reagents 
A Cenco photelometer with Cenco Filter 2 (green) was used for making 
the readmgs A standard cuiwe Muth the ammo nitrogen concentration 
plotted agamst its equivalent photelometer reading was used m convertmg 
the photelometer readmg to ammo nitrogen \alues 

Weighed samples of the ammo acids used m the study were analvze y 
both micro-Kjeldahl and ammo nitrogen methods The values obteme 
for ammo nitrogen M'ere used m calculating the absorption rate m rnis 


he particular ammo acid studied 

Co ehmmate the turbidity which occurred Mhen large amounte o ryp 
ane Mere present, the solutions were filtered just before the Photelomete 
idmgs were made, and a separate standard curve (^<3 

,T,tophane Mith filtered solutions The ammo mtrogen of the contents 
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of the gastrointestinal tract of chicks with and ivithout the administration 
of tryptophane was calculated as tryptophane from the standard curve for 
this ammo acid The tryptophane absorption rate was determmed for 
three chicks by this modification of the Fohn method 

In order to find the normal ammo mtrogen content of the gastromtestmal 
tract of fasted chicks, distdled water mstead of ammo acid solution was 
given to twenty-three chicks durmg the course of the study The chicks 
were killed 3 hours after the admmistration of 1 cc of water per 100 gm of 
body weight The residual ammo mtrogen values varied between 4 66 
and 10 04 mg per 100 gm of body weight The mean value of 7 43 ± 1 65 
mg of ammo nitrogen per 100 gm of body w eight was used for all calcula- 
tions of absorption rate 

To compare the ammo mtrogen method of determining the a mm o acid 
\nth a specific ammo acid method, the absorption rate of methionme vas 
determmed by measurmg the unabsorbed methionme by the ammo mtro- 
gen method previously described, and by the specific methiomne method of 
McCarthy and Sulhvan (14) Methionme determinations on the contents 
of the gastromtestmal tract of fasted chicks showed that no measurable 
amount of methionme was present The specific methionme method 
elimmates the use of a figure for residual ammo mtrogen and should gii e 
a truer absorption value for an mdividual chick The average methiomne 
absorption value obtained by the ammo mtrogen method was 45 6 mg 
per 100 gm of body w eight per hour, compared with the value of 42 6 mg 
obtamed by the specific methionme method The rate of absorption, e\ en 
as determmed by the specific methionme method, showed considerable 
lanation among chicks For the whole series, the two methods of deter- 
mmmg the rate of methionme absorption showed satisfactory agreement 

Blood samples were obtained from chicks immediately before and 1 hour 
after the admmistration of ammo acid 1 cc samples were taken by heart 
puncture, with potassium oxalate as an anticoagulant, and blood filtrates 
were prepared with trichloroacetic acid as a precipitant Amino nitrogen 
was deternuned on these blood filtrates by the same method as was em- 
ployed on the gastromtestmal tract contents Takmg both initial and 
1 hour blood samples from each chick enabled a more accurate comparison 
of changes m the blood ammo nitrogen after the administration of different 
ammo acids than would ha\e been possible if onb one sample had been 
taken A prelunmary expeimient showed 1 houi to be the time interial 
durmg which blood ammo nitrogen mcreased most after ammo acid ad- 
mmistration Initial and 1 houi blood samples were also taken from the 
clucks to w hich w ater w as admiiustered The 1 hour i alue \ ancd betw een 
i9 and 101 per cent of the initial a alue, and its mean was 88 6 ± 5 5 per 
cent of the mitial value 
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Intact protein was studied from the standpoint of changes in the blood 
ammo mtrogen oi er a 5 hour period The effect of hj droliBis of protein 
was miestigated by companng solutions of intact casern and gelatm with 


Table I 

Rales of Absorpiton of Ammo Aetds in Chid, and Blood Ammo Nitrogen Level all 
Hour after Ammo Acid Admmtslralion 


Amtno acid 


d^Alamne 

t(+)-4rgimne 

Z(+)-Aspartic 

acid 

Z(—)-Cj Stine 
Z(+)-Glutanuc 

acid 
« « 

Glj cine 

l( 

l(+)-Histidine 
Z(— )-Leucine 
dZ-Lysine 
dZ-Methiomne 
dZ-Phenj lalnnini 
Z(— )-Proline 
dZ-Threonine 
dZ-Trj ptophane 

Z(— )-Tjrosine 
(( 

Glycine + 
dZ-alanine 
Casein hydrolj- 
sate 


1 

Salt 

\o of 
chicks 

Absorption rate (quantit> per 100 
gm bod> weight per hr ) 

Blood ammo 

N aspcrcentof 
initial 

Ammo 

N 

(1) 

Ammo acid 

(2) 

(3) 



mt 

mt 

mx 


Half Na 

7 

6 S2 

43 3 ± 9 9 

0 486 

121 ± 12 4 

HCl* 

s 

1 54 

27 0 ± 7 5 

0 155 

95 ± 5 8 

l< 

7 

2 13 

37 6 ± 7 5 

0 216 

95± 7 1 

Half Ka 

7 

2 92 

40 8 ± 5 9 

0 306 

93± 6 0 

Na 

12 

5 02 

47 6 ± 12 6 

0 198 

101 ± 4 3 

Half Na 

g 

3 5S 

45 5 ± 12 3 

0 309 

96± 7 4 

(( <( 

6 

2 44 

30 9 ± 7 6 

0 210 

95± 6 2 

(< << 


7 33 

39 0 ± 7 2 

0 520 

129± 8 9 

(( (( 

7 

7 38 

39 3 ± 6 0 

0 524 

121 ± 19 3 

HCl 

10 

2 51 

42 3 ± 14 1 

0 273 

103 ± 8 8 

Na 

5 

3 64 

37 2 ± 2 6 

0 284 

118 db 4 6 

Half Na 

6 

4 95 

23 7 ± 1 2 

0 162 

111 ± 7 6 

Na 

7 

3 82 

45 6 ± 11 S 

0 306 

120 ± 11 2 

1 

7 

4 72 

56 2 ± 9 6 

0 340 

102 ± 4 9 


10 

5 50 

49 S ± 9 7 

0 433 

110 ± 14 8 

(1 (< 

9 

4 05 

36 5 ± 11 3 

0 306 

109 ± 9 6 

TCn. 

3 

1 49 

21 8 ± 16 5 

0 107 

95± 3 2 

(1 

6 

2 50 

36 3 ± 17 2 

0 200 

93 ± 6 3 


6 

3 79 

54 9 ± 12 9 

0 303 

8S± 9 7 

Half Na 

7 

7 42 

43 1 ± 7 9 

0 525 

117 ± 12 9 


6 

7 36 

66 6 i 5 0 

0 462 

10S± 9 6 


Co2«a- 

tntios 

of 

solu&oa 

..riffiirv 

istcred 


\nt cmr) 
Yf(i« 

31 

12 

30 

21 

26 

27 

39 
30 
o9 
20 
22 

30 
22 

24 

25 
29 
20 
14 
2o 

31 

40 

2S 


• Monohydrochlonde 

.„dh,*oly»l«.ffl.e«pro,e«. Th= method of Cld..U..dE.» (.» 

YYas used m preparmg the protein hj drol j-sates 

Results 

The a.,0 obtmed for the 

- -Vluom 1, . ^0 ehteme^ 
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m terms of ammo mtrogen by the modified Folm method Column 2 
shou's the absorption rate for the free ammo acid, calculated from Column 
1 and the correction for the particular ammo acid In Column 3 the ab- 
sorption rate is expressed as mm of the ammo acid 
The data mdicate that all of the ammo acids apparently were readily ab- 
sorbed from the gastromtestmal tract The vanation among mdividual 
chicks m the study of a single ammo acid was appreciable m many cases, 
hence close comparison of the absorption rates is not justified In an 
attempt to determme whether the level of ammo acid admmistration af- 
fected the rate at which it was absorbed, glycme, glutamic acid, tyrosme, 
and argmme were administered at two levels Glycine gave practically 
the same absorption rate at a high level of admmistration as it did at the 
usual level Tyrosme and argmme gave higher absorption values with 
larger amounts admmistered, but glutamic acid gave a lower value The 
vanabihty was high m all cases and it is doubtful whether any sigmficanee 
can be attached to these comparisons 
To facihtate the comparison of the absorption rate of one amino acid 
with others, the millimolar absorption rate was plotted against the apparent 
molal volume The values of apparent molal volume used were taken from 
the report of Cohn ei al (16), their observed values bemg used when given, 
when these were not available, the volumes were calculated accordmg to 
their methods When the ammo acids were admmistered at more than 
one level, data for the level nearest 30 mg of ammo mtrogen per cc were 
used The plot of these data (Fig 1) shows a general tendency for the 
molal absorption rate of the ammo acid to increase as its apparent molal 
volume decreases The correlation coefficient of this relationship is —0 81 
± 0 092, which mdicates that the relationship is significant 
The level of blood ammo nitrogen found 1 hour after ammo acid admmis- 
tration IS dependent upon the amount of ammo acid m the blood and the 
ability of the particular ammo acid to give color with the Fohn reagent 
After water admmistration, the blood ammo mtrogen is 89 per cent of the 
imtial value, hence subtractmg 89 from the percentage values for the 
ammo acids (Table I) gives the relative mcrease of blood ammo mtrogen 
caused by the ammo acid studied When this value is expressed as weight 
of the ammo acid and divided by the molecular weight, the relative molar 
mcrease of the specific ammo acid m the blood stream is obtamed In Fig 
2, this ammo acid mcrease m the blood is plotted agamst the m i l lim olar ab- 
sorption rate from the gastromtestmal tract 
If all ammo acids were removed from the blood stream at the same rate, 
It would be expected that a direct relationship would exist between the 
relative molar blood mcrease and the millimolar rate of absorption of the 
8'imno acid The deviations from the direct relationship mdicate that some 
ammo acids are removed from the blood stream more rapidly than others 



Absorption rate {mM per /cogm. body wt, per hour) 
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^ gluWc aczd, aspartic acid, tyrosine, and 

phenylalanine are rapidly removed from the blood stream, vrhilemethiomne 

ammoaS SJS"'" 



Apparent mofaf vofvme (cc.per mofe of ammo add) 

Pig 1 The relation between the millirQolarabso]?)tioiH'ate of an ammo acid from 

the gastrointestinal tract of the chick and the apparent aolal volume of the anuno 
acid 

The data for blood ammo mtrogen for the studies with proteins and pro- 
tem hydrolysates are summanzed bj Fig 3 The blood ammo nitrogen 
reached a higher level after the administration of a protein hydrolj’s^ 
than after mtact protem Gelatm caused a greater increase m blow 
ammo nitrogen than casern when the mtact and hydrolyzed forms of t e 
two proteins nere compared 



blc!"aL o^ an annno ac.d ,n the 

»al tract of thHCk absorption of the ammo acid from the gastromtesti- 



adroinistrati abomng the blood ammo nitrogen level m chicks after the oral 
Water ^’atin, gelatm hydrolysate, casein, casein hydrolj^sate, and 

casein hvdrn) ^ point represents an average value for three chicks for casein, 
fornater gelatin hydrolysate, seven chicks for gelatin, and sn chicks 
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DISCDSSION 


As a basis for discussion of the blood ammo mtrogen for the chick any 
1 hour value uhich is greater than 89 per cent of the initial value is’ con- 
sidered an increase m blood ammo mtrogen Water admmistration gave 
1 hour values which were 89 per cent of the initial value 
In chicks, as m dogs, rabbits, and lats (2-4), glj’’cme and alanine caused 
the greatest mcrease (129 or 121 per cent and 121 per cent respectively of 
the imtial) in the blood ammo nitrogen after oral adnmustration Leucine, 
which was reported by Seth and Luck (2) to give a moderate increase in 
rabbits, caused a relatively great mcrease (118 per cent of the mitial) in the 
blood ammo nitrogen of chicks Histidme caused a moderate mcrease m 
the rabbit (2) and liexone bases caused a moderate mcrease m rats (4) 
Histidme also caused a moderate increase (103 per cent of the initial) in 
the chick Aspartic acid and glutamic acid (2, 3) gave slight mcreases m 
the blood ammo mtrogen in dogs and rabbits, and similar results (93 and 
95 or 96 per cent respectively of the mitial) were obtamed mth chicks 
In the rabbit, the blood ammo mtiogen mcreased only shghtly after 
phenylalanme and tyrosme administration (5) In this respect these anuno 
acids more closely resemble the dicarboxyhc acids than glycine and 
alanme A greater mcrease was obsen'ed after phenylalanme than after 
tyrosme admmistration Similar differences are indicated m the chick 
(102 and 88 or 93 per cent respectively of the mitial) 

In the rabbit, the blood ammo nitrogen mcreased monerately after lysme 
mgestion (3) and in the dog (6) the "blood ammo mtrogen mcreased mark- 
edly and remamed high for some time ” Lysme caused a moderate mcrease 
(111 per cent of the mitial) in the blood aimno nitrogen in chicks 
Seth and Luck (2) obtamed only a shght mcrease m the blood aimno 
nitrogen level aftei cjstme admmistration to dogs and rabbits Lewis 
and Brown (7) reported that the cystme content of plasma increased 
“greatly” after cystme admmistration to rabbits, but no values were given 
to mdicate the extent of the mcrease Chicks show a shght (101 per cent 
of the initial) increase in blood ammo mtrogen after cystme ingestion 
Seth and Luck (2), m one expenment, obtamed practically no mcrease 
m the blood ammo nitrogen of the rabbit after trjTitophane admmistra 
tion The chick show's a shght mcrease with tryptophane (95 per cen o 


the initial) , , 

Despite the knowii differences in nitrogen metabolism whicn exis 
tween the chick and other species, no marked difference between speci 
may be seen m a comparison of the blood ammo nitrogen levels a r \ 
ammo acids are admmistered orally 
The comparisons made above between the levels of “ ^are 

chick and mammalian blood after the mgestion of various ammo 
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of value only in comparing the metabolism of various species To rnglp 
the level of blood ammo nitrogen a better mde\ of the abihty of the animal 
to utilize an ammo acid, the ammo nitrogen level may be calculated as the 
ammo acid and may be compared with the absorption rate (Fig 2) The 
fact that the correlation of molar mcrease of blood ammo acid and molar 
absorption rate from the gastromtestmal tract is of border Ime significance 
mdicates that there are differences m the rates of removal of ammo acids 
from the blood stream Methionme and leucme appear to be removed from 

the blood stream more slowly than the remamdei of the ammo acids 
Tyrosme, phenylalanme, aspartic acid, and glutamic acid seem to be 
rapidly removed from the blood stream 
The absorption values for alanme, leucine, lysme, and methionme in the 
chick are very similar to comparable values foi the rat reported m the 
literature (9, 17-19) The cystme absorption value for the chick com- 
pares more favorably mth the value for the rat reported by Sulhvan and 
Hess (20) than with the value leported by Wilson (21) Glutamic acid 
and histidme values for the chick are considerably loner than those re- 
ported for the rat (17, 19), while glycme is slightly lower (9, 17, 22) Al- 
though the tryptophane absorption value for the chick is mconclusive, it is 
greatly below value of 62 9 mg per 100 gm of body weight per hour as 
reported by Berg and Bauguess (23) 

The fact that phlorhizm inhibits carbohydrate absorption and does not 
inhibit ammo acid absorption (22) suggests that different mechanisms are 
mvolved Carbohydrate absorption probably proceeds after prehmmarj'^ 
phosphorylation, a process which can be inhibited by phlorhizm (24) 
Hober (25) concluded that ammo acid absorption is too fast to be explamed 
by diffusion Hober and Hober (26) suggested that a cellular mechanism 
IS mvolved m the preferential absorption of ammo acids A min o acids 
exhibited irregular behaxuor and there seemed to be no relation between 
size of molecule and the rate of absorption Hov ever, this work with rat 
mtestmal loops did not compare ammo acids among themselves Bolton 
and Wnght (27) analyzed blood and lymph from various vessels m the cat 
and found that absorption of ammo acids from the mtestme follows the 
law of diffusion Lathe (28) concluded from his work with mtestmal loops 
m dogs that the rate of mtestmal absorption of ammo acids decreases with 
an mcrease in their molecular size 
Mehl and Schmidt (29) found that the diffusion coefficient of ammo acids 
m aqueous solution is related to the size and shape of their molecules, rather 
than to their molecular weights As was shown m Fig 1, the rate of ab- 
sorption of an ammo acid from the mtestmal tract of the chick varies m- 
versely wnth the apparent molal volume of the ammo acid These data 
nould mdicate that ammo acid absorption m the chick is a function of rate 
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of diffusion of the ammo acid and is not controUed by any cellular mecha- 
nism If different ammo acids nere absorbed by different mechanisms, a 
considerable mcrease m the absorption rate nould be expected nhen mix- 
tures of ammo acids vere administered Such was not the case with a 
mixture of glycine and alanme Tlie casern hydrolysate was absorbed 
only shghtly faster than smgle ammo acids 

Hydrolysis of protem before oral administration apparently alloivs a more 
rapid absorption of the constituent ammo acids The possibihty exists 
that absorption of ammo acid complexes takes place after protem adminis- 
tration, and that these complexes are relatively poorly detected by the blood 
ammo nitrogen method The fact that gelatm caused a greater rise in 
blood ammo mtrogen than did casern may be due to the differences m ammo 
acid Composition Gelatin contams more glycme, alamne, aqd hydroxi 
prolme and less tyrosme, glutamic acid, and hydroxyglutamic acid than 
does Casern (30) Glycme and alanme have been shown to cause huge 
mcreases m blood ammo mtrogen, while tjTosme and glutamic acid cause 
small or no mcreases m blood ammo mtrogen 

sumunr 

1 The rate of absorption of ammo acids from the gastromtesfmal trad 
of a chick vanes mversely wath the apparent molal volume of the ammo acid 

2 In general, the blood ammo nitrogen of a chick increases after the ab- 
sorption of ammo acids from the gastromtestmal tract in proportion to the 
amount of ammo mtrogen absorbed Methionme and lencme caused dis- 
proportionately high levels of blood ammo nitrogen, while aspartic acid, 
glutamic acid, tyrosme, and phenylalanme caused disproportionatelj low 
levels of blood ammo nitrogen after their oral adnunistration 

3 The relative increase m blood amino nitrogen of a chick after the oral 
administration of various ammo acids is similar to that obsened m 
mammals 

4 The oral admmistration of a hjdrolyzed protem causes a greater in- 
crease m the blood ammo mtrogen of a chick than does the administration 
of mtact protem 
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As the production of penicillin has advanced from the pilot plant stage to 
full scale production, the need for an accurate short time test has grown 
more and more pressing Such a procedure is needed not only for followmg 
the penicillin content of the fermentation tanks but also in subsequent 
punfication steps 

In 1942 Foster (1) published a note on a 4 hour test, but from a more 
recent report (2) the method seems to have been too labonous and not 
sufficiently accurate 

It was felt that the turbidimetiic method offered the best possibilities 
for accuracy and speed, and it nas m^estigated thoroughlj' The method 
presented m this paper proved not onlj' rapid (3 to 4 hours incubation) but 
ven precise as well The procedure is very much like that used m the 
many microbiological vitamin assays Since many people are famihar 
Mith the turbidimetric vitamin assays, they can run this penicillin assay 
mth a minim um of instruction compared to other assay procedures, such 
as the Oxford plate method 


EXPERIMENTAL 

Culture and Inoculum — Stock cultures of Staphylococcus aureus Stram H 
are earned on plam nutnent agar slants Duplicate tubes of the organism 
are incubated at 37° for 24 hours and then held in the refngerator One 
culture IS used for prepanng mocula from daj”' to day At the end of the 
■" eek, and at weekly inten als thereafter, two moi e slants are prepared from 
the unused culture The neu cultures are checked bj a Gram stain to see 
I'hether they are pure, the old cultures are discarded, and the nev cultures 
u«ed as before 

Inoculum for the test is made by transferring a bit of the surface growth 
from the slant to one or more flasks contammg 100 ml of plam nutnent 
broth (8 gm of Difco Bacto dehydrated powder per liter of vater) The 
inoculated medium is incubated until the next da 3 ’’, v hen it is used in the 
test The mcubation time is usually from 14 to 18 hours 

Basal Medium — ^The medium bemg used at present has the followmg 
composition per hter Difco Bacto-nutnent broth 16 gm , 3 Tast extract 
4 gm This medium is used instead of regular plam nutnent broth, because 
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It -IS found to gi\ e a ki gei spread of the points on the standard cura e .\o 
glucose is used m the medium at present owing to the unfavorable report 
presented by Dr Fostei (3) 0 5 per cent glucose increases the speed of 

grow th V ery greatly and spreads out the cun e In a preliminary' test the 
shape of the curve remained the same and the v alue obtained on a fermenta- 
tion liquor was essentiallj' the same as bv the regular method Further 
tests ire being nm and glucose maj be added to the medium later if the 
tests show it to be desirable 

^'■aT3^ng amounts of the basal medium (depending on the number of 
tubes being used per test) are put m flasks, stoppered with cotton plugs, 
and autoclaved at 15 pounds for 15 to 20 minutes The flasks are then 
cooled and put aw ay foi use as needed 

Standard Solution — The standaid solution is made up each dav from a 
drj calcium salt of penicillin (potency = 333 Ovford units per mg ) which 
IS stoied in the refrigerator at about 3-5° About 30 mg of the standard 
are w eighed out and taken up in 200 ml of 0 1 per cent phosphate buffer 
solution, pH 6 8 This solution is filtered through a micro Seitz filter, 

1 ml IS placed m a stenle test-tube, and sufficient buffer is added with a 
pipette to giv e a solution containing 5 00 0\ford units per ml 

Samples — ^These are usually filtered through a Reitz filter, although as m 
other short incubation tests thev' ma} be made up nierelj wath stenle buffer 
unless known to be heavily contaminated Ordinanlj', the approxiniate 
potency of the raateual to be tested is known, and a final solution for the 
test may be prepared that will have a potencv of from 2 to 5 Ovford units 
per ml 

Equipment and Procedure — The test is set up in stainless steel racki 
holding fort> ' X 4 inch lurable glass tubes covered with an inverted 
stainless steel tray | inch deep to keep out dust contamination Pipetting 
of standards and samples is done wath a special pipette prepared from 
standard 0 2 ml P^Tev pipettes ‘ 

The micro pipettes are used because the ‘mall volume employed (0 to 
0 16 ml ) makes an insignificant difference in the final volume of medium 
m the tube (7 ml } and hence no buffer need be added to bnng all the 
samples to a definite volume 


> small bubble about twice the diameter of the original capillary is bloTO new 
the tip of the pipette This is then drawn out to form a needle-Iike tip about JV 
mm long The top of the pipette is cut off about 40 mm above the ' 

and polished The pipettes are operated by a 1 ml hj podermic sj nnge of 
tipe, attached to the pipette bj a 50 mm piece of P^ssure tubing slipped part 1 
ov er the barrel of the sj nnge 4 thin coating of light ™ ^ 

insures smooth operation With a little practice volumes of 002 to 
delivered accurately and rapidly w ith this equipment ^aution-^o alio t 
to get up into the barrel of the syringe, as it will prevent smoo h o^ration of 
plunger A small cotton plug in the rubber tube will help prevent this 
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If it IS desiied, a fixed sample \ olume mav be selected at say 1 or 2 ml 
=0 that 1 or 2 ml pipettes mav be used If this is done, all samples added 
must be made up to the selected \ olume by addition of buffer solution and 
appropiiate increase made in the concentration of the basal medium It 
has been the author’s experience with tests of this natuie that no increase 
in precision is obtained v ith the larger pipettes and the additional pipetting 
of buffer m^ olved increases the time lequired to put in the test 
Procedure — The test-tubes aie put in racks and cox ered xnth the inx erted 
travs and, together xxath the pipettes, are dr 3 ’’-stenlized at 170° for 1 J hours, 
cooled, and kept in reserx'^e for use as needed 
The standaid curve is established by pipetting the folloxxmg amounts 
of standard solution (containing 5 0 Oxford units per ml ) into a series of 
twelx e test-tubes 0 12, 0 10, 0 08, 0 06, 0 04, 0 02, 0, 0, 0 08, 0 06, 0 04, 
0 02 ml These pomts conespond to xalues of 0 6, 0 5, 0 4, 0 3, 0 2, 0 1, 
and 0 Oxford units 

In further senes of tubes, x olumes of the penicillin solutions to be tested 
are pipetted as folloxxs 0 16, 0 14, 0 12, 0 10, 0 08, 0 06, 0 04, 0 02, 0 08, 
0 06, 0 04, 0 02 ml As prex louslx stated, the pnmarj’' dilutions of the 
unknoxxTi solutions are made up so that their concentration falls in the range 
of 2 to 5 Oxford umts per ml 

A flask conta inin g sufficient basal medium to fill all the tubes in the test 
IS selected and moculated xxath the 14 to 18 hour moculum 65 ml of 
inoculum are used per hter of basal gplution Prehminarv x\ ork indicates 
that xvithin fairly broad limits the number of cells m the moculum is not 
cntical Hoxxever, further xxork is being done to determine xxhether a 
fixed number of cells per ml should be used 
A Fisher Volustat automatic pipetting machine is used to add the inocu- 
lated basal medium to the tubes It is kept filled xxith 80 per cent alcohol 
XX hen not m use and is nnsed out by pumping stenle xxater through it just 
before use Both the suction and delixerx’’ tubes are put into the flask 
and the inoculated medium recirculated until all the bubbles are out of 
the deliverj system and the medium is xxell mixed 
Txxo 3 5 ml shots of medium are then put in each tube m the test, the 
tubes cox'^ered xxuth the inx erted tra 3 ’S, and the racks put in a mechanicallx 
stirred xxater bath incubator at 37° ±0 1° The racivs are left in the bath 
foi an incubation time of 3 hours Incubation times of 3^ or 4 hours can 
be used, if times longer than 4 hours are emplo 3 ’’ed the original inoculum 
must be cut doxxTi and more strict precautions for stenhtx obserx ed 
The racks are remox ed at the end of the incubation time and steamed 
10 minutes in an Arnold steiilizer or in an autoclax e xxath the steam escape 

xalxeopen The purpose of tins steaming is txx ofold (1) it kills the cells 

and thus prexents additional groxxth from taking place dunng the reading 
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of the test and (2) the organisms are no longer dangerous to handle in tlie 
reading process The racks are removed from the stenhzer and put in a 
water bath to cool The tubes are shaken tno at a tune bj cmenng 
the tops mth the thumbs and giving them tno sharp shakes to disperse 
the cells evenly 

Turbidimeter readmgs are made mth a Lumetron model 402E equipped 
with a constant voltage transformer and with a special automatic emptwcg 
cell designed by the author* 

The broad band filter mth a transrmssion peak at 5300 A is being used at 
present but experiments mth other filters are also bemg run 

Because of the high absorption of the medium used, a No 7 reduction 
plate is used o\er the balancing photocell 

The reading of the tubes ma}’' be made m either of two ways on the Lume- 
tron No 402E colorimeter We hare set up the instrument so that a 
direct 1 eading is taken from the gah anometer scale When direct readings 
are used, a constant i oltage transformer is absolutely^ essential, as the 
balancmg photocell v ill not take care of all hne fluctuations except vhen 
the galvanometer shows no current flowmg m the balanced circuit The 
exact details of operation mil be supplied to anyone mterested m using 
this particulai mstrument 

The second method of reading the tubes is to use the transmission dial 
to obtain tiie readings in the usual null pomt method We do not u^e 
this method, because it is ^ ery much slow er and does not improi e the oi er 
all precision of tiie test 

The readmgs obtained are plotted against the number of Oxford units 
m the tubes and the points connected to form a smooth curve to be u=ed 
as the standard (Fig 1) The readmgs obtamed on the unknown samples 
are compared against the standard curve and the number of Oxford units 
in the tube detemuned (For examples of this calculation, see Table I ) 

Results — Sex eral methods of approach hax e been used to test the re- 
habihty of the method These are (1) constancy of xalues obtained when 
potencies of samples are calculated from vanous portions of the standard 
curve (there should be no large drift m these values), (2) recovery ex- 
periments, (3) checkmg against the Oxford plate method which is apparent 
ly quite specific for pemwlhn, (4) tests of the rehabihty and reproducibility 
of single points m a repheate senes, (5) reproducibihty of assay figures 


on successixe days 

' This cell consists of a specially selected Pytex test-tube 18 mm 
has a 5 mm tube fused to the bottom and connected by a rubter ^ ® “ jg 

flash A pinch clamp on the rubber tube is pressed teb* , 

has been read This tube assembly is suported in a Saran rtmns of 

7/8 X 11/32 inch aligned in the light path of the instrument that it 

tS Saran tube and Py rex tube stick up above a bakelite co^ 

IS unnecessary to cover the tube to prevent light from getting to the p 
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Table I 


Example of Teat and Calculatxona 


Standard curve {see Fig l) 

Standard 5 0 Oxford units per ml 

Oxford units per tube 

1 Galvanometer reading 

ml 



0 12 

0 6 

81 

0 10 

0 5 

73 6 

0 08 

0 4 

66 8 

0 06 

0 3 

56 

0 04 

0 2 

42 5 

0 02 

0 1 

28 

0 

0 

10 

0 

0 

10 5 

0 08 

0 4 

67 

0 06 

0 3 

56 1 

0 04 

0 2 

42 

0 02 

0 1 

27 5 


Commercial sample ongmal solution contained 23 3 m£ per liter solution diluted 1 3 


Volume m tube 

(a) 

Galvanometer reading 
(.b) 

Oxford units read 
from standard curve 
(c) 

Oxiord units per ml 
(c) 

(0) 

ml 




0 16 

58 5 

0 320 

2 00 

0 14 

53 9 

0 282 

2 01 

0 12 

48 I 

0 240 

2 00 

0 10 

42 

0 196 

1 96 

0 08 

36 

0 157 

1 96 

0 06 

30 5 

0 122 

2 04 

0 04 

24 

0 082* 

2 05 

0 02 

14 



0 08 

38 

0 17 

2 12 

0 06 

31 9 

0 13 

2 16 

0 04 

24 

0 082* 

2 05 

0 02 

IS 1 




2 04 X 3 

-r- „ - = 262 Oxford units per mg 


* Ordinarily only points falling between 0 1 and 0 5 Oxford unit are used in calcu 
lations, as points outside this range give somewhat erratic results In this case the 
points are included for the sake of illustration, since the} show agreement with 
values obtained at other levels 

Data illustrating these points follow 

Effect of Incubation Time— In general there seems to be little difference 
"uhether 3, 3J, or 4 hour incubation times are used (see Table II) Per- 
haps m testing for shght differences m potenc}” the 3^ or 4 hour incubation 
ma}" be preferable but for most purposes a 3 hour penod is adequate In a 









254 


ASSAY FOB PENICILLIN 


feiv emergency cases incubation times as short as 2 hours and 10 minutes 
have been used to give approximate results 
A comparison assay obtained on various samples at three incubation 
penods is given in Table II 


Table II 

Effect of Ttme of Incubation on Assay Values 



The example m Table I h an illustmtion of ’ack o drift 
over about a 4-fold range when a partially punfied sample is used 
I similar test on a diluted plant liquor sample recently run 
testmg gave the results shmvn m Table “ specificity m 

»p«« 

tots were earned out on fermentation liquor 
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S Hour IncuJjahon — Solution A, diluted fermentation liquor, 3 OG Oxford 
units found per ml Solution B, equal volumes of standaid solution (5 0 
Oxford units per ml ) and Solution A w ere mixed and assayed Theo- 
retically this mixture should contain (5 0 -j- 3 06)/2 = 4 03 Oxford units 
per ml , actually found assay, 4 06 
4 Hour Incubation — Solution A, fermentation liquor (as above), 3 15 
Oxford units found per ml Solution B, same as Solution B above Theo- 

Table III 


Diluted Plant Liquor Sample 


Volume 

1 

Oxford UDits 

Oxford units per ml 

ml 



0 14 

0 525 

3 75 

0 12 

0 45 

3 75 

0 10 

0 388 

3 88 

0 08 

0 33 

4 10 

0 06 

0 232 

3 87 

0 04 

0 147 

3 68 

0 02 



0 08 

0 31 

3 88 

0 06 

0 242 

4 03 

0 04 

0 141 

3 53 

0 02 



Average 

3 83 


Table IV 

Comparison with Oxford Plate Method and Series Dilution 


The results are expressed m Oxford units per mg 


Commercial pcnicillm 
sample 

This method 

i 

Oxford 

Senes dilution 

A 

246 

257 

240 

B 

348 I 

352 

403 

C 

371 

354 

404 

D 

348 j 

324 

359 

E 

266 

2S6 

315 


retically this mixture should contain (5 0 -1- 3 15)/2 = 4 08 Oxfoitl units 
per ml , actually found by assay, 4 19 
Checks against Other Methods — Manj' samples of fermentation liquor hat e 
been run and these usually check witlun 2 to 10 per cent of the Oxford 
values Several othei samples are listed in Table for comparison 
(The author ttishes to acknowledge the kind cooperation of Dr Ernest 
Weber of this laboratory tt ho ran the Oxford tests for comparison ) 
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Rcproducihibly of Single Pomts—A standard curve uas set up ^Mtil six 
replicate points at each of the folioAving pomts 0 0, 0 5, 0 4, 0 3, 0 2 01 
and 0 0 0\ford\inits per tube These A\ere read m the usual manner and 
the mean and average deviation from the mean were calculated The 
Oxford equivalent of the average deviation xvas calculated and from this 
the average percentage deviation of the single points was determined 
Wide this number of points is not suitable for strict statistical analysis, 
the results obtamed give a fairly good indication of the degree of reliability 
of single pomts The percentage deviations obtamed were as follows 2 7, 
1 9, 1 9, 6 3, 7 2, and 4 8 per cent at the 0 6, 0 5, 0 4, 0 3, 0 2, and 0 1 Oxford 
unit levels respectively'- Smce an assay value is usually composed of six 
to eight points, the deviations tend to cancel and give an average value 
wluch IS, of course, closer to the true value than that of single points 
Reproducibiltly from. Day to Day — A comparison of reproducibility of 
this method and the Oxford and senes dilution methods is showm in Table V 


Table V 

Reproductbtliltj of Assays from Day lo Day 
/ The results ore expressed in Oxford units per mg 


Method 

1st day 

3nd day 

Irddar 

Senes dilution 

39D 

348 

338 

Oxford 

i 337 1 

349 


This method, 4 hrs incubation 

316 1 

1 307 


“ '' 3§ “ » 

303 



Cl 2 it if 

310 




Effect of Inoculim~The amount of inoculum and its exact age are not 
cntical within fairly wide limits Three tests were run on a diluted phnt 
liquor sample W'lth mocuJa which had growm hi, 24, and 72 hours at 37 
The assay values obtained wcie 4 OG, 4 13, and 4 18 Oxford units per ml 
respectively The Oxfoid test value was 4 16 on the same liquor 
Effect of Setts FtUrahon — A solution of the standard was passed senally 
through five separate micro Seitz filters Although there was a considerable 
reduction m volume due to absorption by the filter pads, there was no 
appreciable adsorption of the pemcillm The standard curve obtamed from 
the filtered solution was almost exactly supenmposible on the curve ob 
tamed from the standard solution which was only filtered once 

DISCUSSION 

Dunng the time this method w as under investigation three other short pe- 
riod tests have appeared In oneof these (3) Bactllm ad/mcrans is employed 
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and has the advantage of being completely non-pathogenic How e\ er, the 
test must be run in Erlenmeyer flasks which must be shaken throughout 
the incubation period The agreement betw een the method and the Oxford 
plate method is not particularly good 
In another test (4) a strain of /?-hemolytic streptococcus is employed 
which IS not well suited to routine testing because of its high pathogenicit}' 
The third method (5), which is similar to that of Foster (1) and to thit 
presented in this paper, for some reason does not achieve the reproduci- 
bility of points that a turbidimetnc method is capable of giving This 
may be seen in the non-supenmposibility of the standard curves The 
use of optically matched tubes for groivmg the organisms is satisfactory 
for small numbers of tests but is not advantageous when manj' routine 
tests must be made per day 

Since the senes dilution method and the Oxford plate method are both 
used at this laboratory, it has been possible to compare this short time 
*urbidimetnc method with these methods under actual operating con- 
ditions 

It has been our expeiience that the series dilution method requires the 
least amount of time and equipment However, the results aie not precise 
enough to yield accurate values unless duplicate tests of several different 
initial dilutions are nin on each of 2 or 3 days Since this ini olves tw clve 
to eighteen test$, the initial advantage of the small amount of time required 
to put in the test is completely overcome Single tests maj be used when 
only a rough approximation of the penicillin content is required 
In usmg the modified Oxford plate method. Dr Weber of this laboratory 
has found the precision of the test to be improved by the use of a daih 
standard instead of a "composite” standard often used The cost of equip- 
ment for this test is veiw high because of the large number of Petri dishes 
and ground glass cylinders involved The prcci’non is in general quite 
good but occasionallj'^ lesults on one day or on cert un samples ma\ be 
quite fai out of line Tlie exact cause of this is difficult to determine but 
research is being earned out to tiv to eliminate it 
The equipment cost of the short time turbidimetnc method is Ik-s than 
that of the Oxfoid test if minj samples aie to be run, but if onh i few 
samples are run the cost is grater owing to the cost of the colonmeter 
The precision of the test is somewhat better than that of the Oxford mctluKl 
The time required for putting in the test and reading it is approximatch 
the same The potenej"^ of the material does not have to be known os 
closely to put in the turbidimetnc test as for the Oxford 

In dev^eloping the method presented in this paper, two factors were keiit 
m mind, accurac 3 ’' and speed (not onl 3 ’' in cutting down the incubation 
time but also in the time lequired to put in the samples and read them) 
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To achieve accurac}', the amount of peniciilm m the tubes must be 
the sole limiting factor m the growth of the organisms, i c , all other i ana 
tions should be eliminated We have tried to obtain this by seicral 
means (1) 4n automatic pipetting machine is used foi putting medium info 
the tubes This makes possible the filling of tu entj -four tubes per mmufe, 
so that theie is no large time gap between the filling of the tubes in the first 
and last pai ts of the test (2) A mechanicali\ stirred uater bath incubator 
IS used because all the tubes come to the same constant temperature 
rapidlj and staj' there for the incubation period Owing to poor heat 
transfer, an an incubator is not satisfacfor\ (3) A balanced cell photo 
clectnc coloiimetci equipped with i constant aoltagc transformei gne^ 
good stability in the reading pioccss (4) All cells arc killed practicalh 
simultaneouslj' m ail the tubes bj' steaming 
Speed m the test is helped b}' the automatic pipette but the most cnicial 
point IS in the reading of s imples The cell used here empties bv vacuum 
and GO tubes may be lead and recoidcd m 15 to Ifi minutes (This in- 
cludes the time taken in iinsing the tube with clear medium between 
different samples ) 


suMMAna 

A turbidimetnc assay piocedure foi iienicillin has been developed whicli 
IS not only lapid but also more precise than the Oxford plate method 
Sexeial kaboi-saxing devices ha\c been incoipoiated to leduce the time 
necessaiy foi putting in the test and reading it The method has been 
checked quite tiioroughly to establish its dependabilit}'^ 
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THE MICROBIOLOGICAL DETERMINATION OF FREE CHOLINE 
IN PLASMA AND URINE 

By R W LUECKE \nd P B PEARSON 

{From the Nutrition Laboratory, Department of Animal Husbandry, and the Agricul- 
tural Experiment Station, Agricultural and Mechanical College of Texas, 

College Station) 

(Received for publication, Januarj 25 1944) 

Many chemical methods for the quantitative estimation of choline hat e 
been descnbed The colonmetiic modification of the reineckate method 
of Beattie (1) has proved successful only with relatively high concentrations 
of cholme The sensitivity of the reineckate method has been greatly in- 
creased by Marenzi and Cardini (2) With this method it is possible to 
determme cholme m samples containing as little as 15 7 However, m our 
laboratory this method v as found to be unsatisfactory for the determination 
of free cholm^ in body fluids Available chemical methods are either very 
labonous or are suitable for the determination of only total cholme m 
blood 

The need for a suitable method foi the determination of free cholme m 
body fluids and tissue extracts is stressed m a recent reviev by Best and 
Lucas (3) Such a method would certainly aid m studying the metaliolism 
of this physiologically important substance 

Recently a miciobiological method suitable for the quantitatne estima- 
tion of small amounts of cholme vas descnbed by Horowitz and Beadle (4) 
In this method the cholme piesent m lecithin possessed approximately one- 
half of the activity of free cholme d/-Mcthionme also interfered watli the 
assay when present m excess of 0 1 mg pci 25 ml of the culture medium, 
however, this could be eliminated by adsoiption on peimutit An adapta- 
tion of the microbiological method appeared to offei the best possibilitj 
of measurmg the free cholme m blood and unne 

Preliminary tests showed that most of the free cholme m blood was 
present m the plasma and that the cells contained only a small proportion 
For example, m a sample of sheep blood the plasma contained 3G y of free 
cholme per ml , while the cells contained onlv 5 y per ml Foi this reason 
the method described here is for plasma, how ei er, theie is no reason to be- 
lieve that it would not be equally satisfactoiy when ipiihcd to laked blood 

Procedure 

Blood Plasma — To 5 ml of plasma in a 50 ml centnfuge tube are added 
20 ml of acetone to precipitate the lecitlun The resulting precipitate ls 
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removed ^ centrifugation, and the supernatant liquid decanted into a 
beaker The acetone is evaporated off over a steam bath The remaining 
liquid IS made up to a convement volume, usually 50 ml , with water Ah 
quots of 1 and 2 ml . representmg 0 1 and 0 2 ml of plasma, are added to the 
flasks containing the choline-free medium, descnbed by Horointz and Beadle 
(4) The inoculation ivith cliobneless, incubation, and measurement 
of gronth response are earned out as descnbed in the onginal method (4) 
Unne 10 ml of undiluted unne are passed through a column containing 
1 gro of permutit This step is essential to remove mterfenng foreign 
growth stimulants The adsorbed choline is then eluted with 10 ml of 
5 per cent sodium chlonde In the case of human unne 1 and 2 ml of the 
eluate representmg equivalent amounts of unne were found to contain 
adequate amounts of cholme to give the desired growth response Evi 
dence will be presented later showing that all of the cholme m unne is in 
the free form 


BVPERIMENTAL 

In order to determine whether or not all the lecithin was precipitated by 
the acetone treatment, the total cholme of the plasma was determined 
Then the free ohohne of the plasma and the total chohne of the acetone 
precipitate were determined The results per ml of plasma were total 
cholme ISO y, free cholme 40 y, and total cholme on the acetone precipitate 
01 y All but 9 y were accounted for m the free cholme and the acetone 
piecipitate Tins is w'ell within the range of accuracy clauned for the 
onginal method Using larger amounts of acetone did nou alter the results 
The addition of acetone to the supernatant liquid prepared by mixing 5 
ml of plasma and 20 ml of acetone did not give a precipitate, indicating 
that the 1 4 ratio of plasma to acetone is adequate to remove all of the 
lecithm 

Recovery Experiments — Known amounts of cholme chlonde were added 
to blood plasma and unne These weie then analyzed for chohne by the 
method descnbed Both total and free cholme were determined on the 
plasma For the determination of total cholme the plasma was first auto 
claved with 3 per cent sulfuric acid for 2 hours at 15 pounds pressure, an 
the sulfunc acid removed with banum hydroxide The unne samples 

were each from different individuals ,,11 

From the data m Table I it is apparent that the recovery of added cholme 
came well wuthm the range reported by Horowutz and Beadle Id the 
plasma the recovery w'as essentially as good whether on the asis 0 
free or total cholme The average recoveiy for the plasma for 0°“ 
total and free cholme was 100 per cent The recovery " 

slightly more vanable than for plasma, but can be considered to be q 

satisfactory 
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Effect of Adsorption — <f/-Methionine in high concentrations stimulates 
the gron-th of chobnclcss Other substances raaj be present in plasma and 
unne uhich nould interfere inth the assay Adsorption on permutit has 
been shoira to be a satisfactorj means of remornng such substances (4) 
Tests Here earned out to determine iihether adsorption is a necessary step 
in the detemiimtion of free choline in plasma and unne Assays ii ere made 
on unne and acetone-treated plasma before and after adsorption on per- 
mutit The results for plasma (Table II) are essentially the same irrespec- 
tne of 'uhether or not the acetone-treated plasma iias passed through the 
adsorption column on permutit The ai erage free chohne for the plasma 
from four different species i\ as 34 7 7 per ml for both the adsorbed and non- 
adsorbed samples It is eindent from this that plasma does not contain 


Table I 

Recoiery of Choline 


SanpJe 

1 Type of 
choline 

ChoUne 
content oi 
s^ple 

Cholme 

1 Added 

Total 

Found 




nr per rd 

1 t per rtl 

1 y per rd 

y per rd 1 

Per cent 

Plisnn, horse 

Free 

40 0 

10 0 

50 0 

51 0 

102 

(( 

tt 

Total 

150 0 

10 0 

160 0 

161 0 

101 

it 

beef i 

Free 1 

40 0 i 

20 0 

60 0 1 

63 0 

105 

It 

It 

Total 

165 0 i 

20 0 

185 0 

183 0 

90 

tt 

sheep 

Free 

33 0 

20 0 

53 0 

52 0 

9S 


" 1 

Total 1 

107 0 

30 0 

137 0 

133 0 

97 

bnne, 

human 

Free 1 

7 0 

5 0 

12 0 

11 4 

05 

tt 

tt 


5 6 

10 0 

15 6 

15 8 

101 

tt 

tt 1 


8 0 

15 0 

23 0 

21 0 

91 

tt 

tt j 

■i 

8 0 

20 0 

28 0 

29 0 

103 


sigmficant amounts of substances that interfere with the microbiological 
determination of chohne 

Samples of unne from eight mdmduals were assayed for chohne both 
before and after adsorption on permutit In every case the chohne 1 alues 
Were shghtlj lower after adsorption The average chohne value per ml 
of urme before adsorption was 6 6 7, while the value after adsorption was 
6 0 7 This difference is not large, but it was verj consistent and cannot 
be considered to be due to evpcnmental error WTien substantiallj higher 
lev cLs of cholme occur in unne, adsorption may not he essential, but at the 
levels encountered here it definitely enhances the accurac}'' of the deter- 
ramation 

Effect of Acetone Treatment of Unne — Smte lecithm is not considered to 
be a normal constitutent of unne, it presumably would not be necessary 
to treat unne with acetone for the determination of free cholme The 
chohne content of unne is so low that it does not permit autoolavmg with 
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sulfunc acid as m the determination of total choline m plasma In the 
method for total choline there is considerable dilution This Mould result 
in such a loiv lei el of choline m the h 3 'drolyzed iinne that the growth re- 
sponse Mould not be measuiable 


Table II 

Egtci of Adsorption on Free Choline Values 


Sample 

No adsorption 

After adsorption 



7 Ptf tnl 

7 fer ml 

Plasma 

Horse 

40 

42 


Sheep 

33 

32 


Beef 

40 

38 


Pig 

1 

26 

27 

Average j 

34 7 

34 7 

Unne 

Human 

' 8 0 

7 0 



7 0 

6 2 


it 

5 6 

S 1 


it 

6 0 

5 6 


ft 

5 1 

4 6 


ft 

6 5 

5 7 


ti 

4 2 

3 8 


(( 

10 4 

0 8 

Average 


6 6 

60 


Table III 


Choline Content of Human Plasma and Urine 


Subject 

Fiasma 

Utmary excretion 

Fret 

Total i 

1 

1 

7 ptr ml 

7 per ml 

ms per ’4 Am 

A 

44 

260 

7 1 

B 

74 

305 

0 0 

C 

75 

286 

S 2 

D 

56 

350 

5 6 


The possible piesence of bound choline m the form of lecithin m urme 
could be tested bj' adding acetone to the unne This m as done as described 
for the determination of free choline in plasma Tlie average choline con- 
tent of four different samples of urine, i un m quadnipbcate, before treatment 
inth acetone m as 6 8 r per ml and 6 6 r per ml aftei treatment \nth ace 
tone This affords confirmatory evidence that free choline only is presen 

in unne 
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Effect of Storage — order to determine whether or not the choline con- 
tent of plasma changes during storage several samples of plasma nere 
stored at approximately 7° for 6 days The results shoved that there is 
no change m the free chohne content of plasma duimg stoiage at the tem- 
perature indicated The values on the stored samples vere virtually 
identical v ith the values for the samples when fresh 

Chohne Content of Human Blood and Unne — Blood was obtained from 
four adult healthy males and the unne from the same individuals was 
collected over a 24 hour period In addition to the free chohne content 
of the plasma, the total chohne was determined so that the latter values 
obtained by the microbiological method could be compared wath values 
available in the literature The values for total cholme m the four samples 
of human blood (Table III) ranged from 260 to 350 y per ml of plasma 
These values aic of the same order as the single figure of 238 y of chohne 
per ml of human plasma obtained colonmetncally by Marenzi and Cardmi 
(5) The free chohne content of human plasma ranged from 44 to 75 y 
per ml These values are somewhat higher than those for other species 
(Table II) 

The daily unnary excretion of cholme for the four individuals ranged 
from 5 6 mg to 9 0 mg These individuals were presumably receiving 
adequate diets, but they were not on the same dietary regimens The 
relationship between cholme intake and the daily renal excretion lemams 
to he detei mined 


suMAiana 

The determination of free chohne in plasma and unne by the microbi- 
ological method is desenbed The method appears to be equally applicable 
to the determination of total cholme in blood 
Free cholme in blood occurs chiefly in the plasma, with only a relatively 
small amount m the cells The fiee cholme m human plasma ranged from 
44 to 75 y per ml This is somewhat higher than values observed m the 
horse, sheep, and cow' 

The cholme m urine exists entirely in the free state The daily unnary 
excretion of cholme of four adults ranged from 5 6 mg to 9 0 mg 
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THE DEPOSITION AND STORAGE OF a-TOCOPHEROL 
IN ABDOMINAL FATS* 

Bt W O LUNDBERG, RICHARD H BARNES, MARION CLAUSEN, and 
GEORGE O BURR 

{From the Diitston of Physwlogtcal Chemistry, University of Minnesota, Minneapolis) 
(Received for publication, February 7, 1944) 

In a previous paper (1) it ivas reported that the rendered body fats of 
rats which had been raised from the tune of meaning to the age of 100 days 
on a vitamin E-free diet were abnormally susceptible to oxidation at the 
C=C linkages by atmosphenc oxygen More specifically, oxygen ab- 
sorption measurements at 100° were characterized by the almost complete 
absence of an induction penod It w'as further found that the addition 
of a smgle dose of 200 mg of a-tocopherol to the diet of rats on the vitamin 
E-free regimen restored the stabihty of their body fats to normal levels 
Attempts to deposit vanous antioxidants other than the tocopherols in the 
adipose tissues of such rats via the diet have failed (1)’ These and other 
observations mdicated that tocopherols are the only antioxidants that 
occur normally in the adipose tissues of rats, and that they are denved 
exclusively from the diet 

At the present time a sensitive, specific, and widely applicable piooedure 
for the chemical determination of tocopherols is lacking The abov e con- 
clusions immediately suggested an experimental technique for studying 
quantitativ'ely the behavuor of tocopherols in adipose tissues under v anous 
conditions, pendmg the development of a satisfactory' chemical method 
The present paper is concerned with the application of this techmque and 
extends observations made previously 

EXPERIMENT.XL 

All of the rats used m the foUowmg experiments were females raised 
from the tune of weanmg on a vitanun E-free diet of the following per- 
centage composition sucrose 52 5, casern 19 1, lard 19 1, salts^4 3, yeast 5 0, 
and approximately 500 i xr of vitamin A concentrate to each rat twice 
monthly The lard used in composing the diet had been rancidified by 
blowing an through it at 75-100° until it had attained a peroxide content 

* Aided by grants from the Hormel Research Foundation, the National Dairy 
Council, and the Graduate School of the University of Minnesota 

‘ Hanson, H T , Barnes, R H , Lundberg, W O , and Burr, G 0 , m preparation 

’ Salt mixture desenbed by McCollum, B V , and Simmonds, N , J Biol Chem , 
33, 63 (1918) 
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of 20 or more milhequivalents per kilo, thus msunng the destruction of 
tocopherols occumng naturally in the lard 

The general procedures followed in sacnficmg the rats and in rendering 
the fats a\ere identical with those previously descnbed (1) Only the ab 
dommal fat depots exclusive of the mesentery nere used, reference mil 
hereinafter be made to them simply as “abdominal fats ” 

The oxjgen absorption measurements vere made vith a paitly insulated 
standard Warburg respirometer at 100°, essentially in accordance inth the 
technique descnbed by Johnston and Frey (2) Butyl phthalate vas used 
as the manometer fluid The flasks vere shaken through an amplitude 
of 3 cm at the rate of 100 to 110 oscillations per minute Readings nere 
made at 10 mmute mtervals Tn the begmnmg of a nin the flasks were 
thoroughly flushed with oxygen from a cylinder to remove air and then 
equilibrated in the bath for 10 minutes at atmosphenc pressure before 
the capillaries v ere closed Under the conditions used in these measure- 
ments the induction period of a fat is almost completelj’^ mdependent of 
the o\ygen pressure, slight vanations from day to day in the atmosphenc 
pressure at which the flasks were equilibrated w ere therefore disregarded 
In obtaimng the measurements recorded in Figs 1 and 2, ordmaiy conical 
Warburg flasks of 15 to 18 ml capacity were used These flasks nere 
later replaced bj’- a more satisfactory cylmdrical type (2) 

Iodine numbers were determmed in duplicate on many of the fats, inth 
the mercuric acetate modification of the Wijs method 
Reference Curve 1 — ^The abdominal fats from a group of the iitamm 
E-deficient rats were pooled and rendered Oxygen absorption measure 
ments revealed that the fat had a negligible induction penod and its tocoph 
erol content was therefore assumed to be nil Sjmthetic a-tocopherol 
(Merck) was dissolved in absolute alcohol and aliquots were added to 
w eighed amounts of the fat to give solutions ranging in concentration from 
0 to 80 7 of tocopherol per gm of fat After complete removal of the 
alcohol by evacuation at approximately 75°, replicate oxygen absorption 
measurements were made on 0 2 ml samples 

With the exception of the fat containing no added tocopherol, it was 
found m all cases that theie w'as a period of low and relatively unifomi 
oxygen uptake which ended in a sudden and rapidly accelerated increase 
in the rate The rise was sufficiently sharp to define the induction peno 
within the time interval between readings, le ,10 minutes The behavioi 
of many animal fats m this respect is in marked contrast to that of various 
tocophci ol-contaming v^egetable oils and appears to ha\ e been satiSfacton > 

explained by Golumbic (3) . , 

The observed induction periods are i ecoi ded in Fig 1 as a function o 

tocopherol concentiation in micrograms per gm of fat In common wa 
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the ol)scr\ ations midc by numerous mvestigatoi-s on the antioxygenic be- 
Invior of a-tocopherol (and other phenolic antio\idants), it is found that 
a gi\cn increment of the antio\idant is less efTective in lengthening the 
induction period ns the antioxidant concentration increases 

The fat used in this experiment is ideally adapted as a substrate for use 
in studjnng some of the properties of fat antioxidants, unlike other natural 
01 processed fats, it appears to contain inappreciable amounts of either 
antioxidants or prooxidanfs 

Deposition of a-Tocophcrol in Abdominal Fat Tissues — ^^htamin E-de- 
ficient rats i\hose history A\as identical Mith that of the group used in 
obtaining the reference cunc nere fed single 50 mg doses of a-tocopherol 
The tocopherol A\as di«sol\cd in the ethyl esters of corn oil fatt}’- acids 



0 10 20 JO 40 50 60 70 80 90 

MCBOSRAMS - ALPHA TOCOPHEROL 

Fia 1 Reference Curve 1 Relation of induction period to the concentration of 
a tocopherol 

from which all unsaponifiable material had been lemoved, in a concentration 
of 50 mg pei ml , and 1 ml of the solution was fed to each rat by stomach 
tube The rats nere then sacrificed at vaiious intervals in groups of two, 
and the fats Mere removed and rendcied us soon as possible In Fig 2 
the induction periods are recorded as a function of the mterval between 
the administration of tocopherol and sacnfice Each point on the ciinm 
repiesents an average of at least two oxygen absorption measurements 
The irregulanties in the distnbution of the points are largely due to vana- 
tions in the small groups of rats 

The iodine numbem of the fats m this series w ere withm the limits 70 1 
and ?0 8, except the 63 day sample which had an iodine number of 71 5 
It appears justifiable to assume that the differences in induction penods 
are almost entirely attributable to differences in tocopherol content and 
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only negligibly related to differences in composition On the basis of this 
assumption, the induction penods have been converted to tocopherol con 
centrations by means of the reference curve m Fig 1, and the results are 
given m Fig 3 



Fig 2 Relation of induction period to the time interval betneen the feeding of 
a-tocopherol and sacrifice of the animal 



Fig 3 Relation of the concentration of deposited «-tocopherol to the time inter 
\al bet^^een the feeding of a-tocopherol and sacrifice of the animal 

Miller and Burr (4) have shown that a-eleosteanc acid of tung oil attains 
a maximum deposition m the body fats of rats approximately 48 lous 
after feeding 0 6 to 0 9 gm of tung oil Since the maximum aepositio 
of a-tocopherol is not attamed until 7 to 10 days after oral adimnis ra i 
(Fig 3), it seems clear that a temporary deposition or storage ® 

occurs elsewhere in the animal, followed by a subsequent gra ua 
tnbiition 
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Of tlio 50 mg that ■were fed, the ma\imum concentration found in the 
rendered fat ^\as approximately 27 y per gm Although the tocopherol 
IS distributed in many of the organs and tissues, the body fats are normally 
one of the sites of relatively high concentration (5), and no greatly pre- 
dominant site of storage has yet been discovered Some evidence has been 
presented (6) show mg that w hen excessive amounts of tocopherols are fed 
large fractions are excreted m the feces Therefore, as mil be discussed 
in further detail later, at least some of the fat depots must be regarded 
as possible important sites of tocopherol storage, m spite of the low con- 
centrations deposited relative to the amounts fed 
Reference Curve 2 — On the basis of results previously published it had not 
been anticipated that large amounts of a-tocopherol could be deposited m 



Flo 4 Reference Curve 2 Relation of induction period to the concentration of 
tt-tocopherol 

the adipose tissues by feeding For the next experiment, when larger doses 
of tocopheiol were fed, it became desirable to extend the reference curve 
given in Fig 1 Another group of vutamin K-deficient rats was therefore 
sacrihced and a new reference curve prepared that included much higher 
concentrations of a-tocopherol Tnpheate oxygen absorption determma- 
tions Here made on 0 4 ml samples with the 70 ml cylmdneal flasks 
The results are given in Fig 4 

The induction periods were sharply defined at all tocopherol concentra- 
tions, even at 2500 y per gm However, at the higher concentrations the 
rate of oxygen absorption dunng the induction period was greater This 
IS m harmony with the observations made by Swift, Rose, and Jamieson 
(7), who found that the rate of peroxide formation m methyl oleate, raeth 3 1 
linoleate, and methyl esters of cottonseed oil was greater dunng the in- 
duction penod at lugher tocopherol concentrations 
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Golumbic (3) reported that above a 0 10 per cent concentration (1000 
7 per gm ) in cottonseed oil esters and m lard the further addition of tocoph- 
eiols shortened the induction penod Fig 4 demonstrates that a maxi- 
mum m the induction period is similarly found in the abdommal fats from 
rats used in these expenmente at approximately the same level of a-tocoph 
erol concentration 

Effects of Feeding Large Amounts of a-Tocopherol— Four groups of rats, 
tv o m a group, with the same history as those used in preparing reference 
Curve 2, were fed daily doses of 50 mg of a-tocopherol until total intakes 
of 50, 125, 250, and 500 mg had been provided The groups were sacn 
ficed 7 days after the last feeding The induction penods of the rendered 



Fig 6 Relation of induction penod to the amount of o-tocopherol fed 

fats are given in Fig 5 As before, the vanations m iodine numbers were 
negligible 

The induction penods in relation to the amounts of tocopherol fed tend 
to level off at the higher intakes However, when the induction periods 
are converted to equivalent tocopherol concentrations (Fig b), it is seen 
that the tocopherol concentration is still increasing rapidly at the largest 
quantity fed Moreover, the rats were all killed 7 days after the last 
feeding on the assumption that the maximum concentration had been 
attained In spite of the fact that no more than 50 mg were administere 
daily, it IS conceivable that at the larger total intakes the maximum con 
centration of approximately 97 y per gm recorded in Fig 6 at an in e 
of 500 mg must be regarded as a low value 

Attempts were made to measure the amount of tocopherol 

when very small amounts were fed The results were mconsis n , pa 
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because an insufRcient number of rats uas used to aveiage the relatively 
greater individual variations encountered at the low levels Hon ever, the 
administinfion of 1 mg of a-tocopIicroF markedly influenced the stability 
of the fat, producing an induction period of 43 minutes in tlie fat from tu o 
rats Tlie administration of 10 mg produced an induction period of 113 
minutes in the fat from tuo rats 

The conaersion of induction periods to tocopherol concentrations by 
means of the reference curves mvoh cs the important assumption that the 
a tocopherol is deposited in the adipose tissues in a form that has the same 
antioxj'genic activit}' as a-tocopheiol dissolved dnectl3'^ m lendered fit 



Fig 6 Relation of the concentration of deposited a-tocophcrol to the amount fed 

In order to test the validity of this assumption, the fats from the rats 
described above uhich had been fed 0, 250, and 500 mg of a-tocooherol 
u ere analyzed by a chemical method The chemical method used, as i et 
m the process of development,* is a modification of the Furter-Me\ei 
method (8) By the method here bemg described the three fats were found 
to contam 0, 62, and 97 y of a-tocopherol per gm , lespectiveh , the chemical 
method gave corresponding figures of <3, 52, and 98 It seems highly 
probable, therefore, that a-tocopherol is deposited laigely in unalteied 
form m adipose tissues, or, if not, then m a form iihich has substantially 
the same antioxygemc activity 

’ The amount needed to cure sterility in the majority of young female rats 
* Chipault, J C , Lundberg, W 0 , and Burr, G O , m preparation 
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DISCOSSION 


The increasing deposition of a-tocopherol obtained bj' feeding increasing- 
ly large doses appears to contradict the results previously reported {1} 
in which It was found that the addition of 0 25 ml of 15 per cent imed 
tocopherols twice weekly for 1 month to the diet of rats reared on a normal 
diet did not appreciably mcrease the stabihty of the abdommal fats The 
earher expenment differed from the present one m several important re 
spects (fl) The additional supplement of tocopherols was m the form of 
a concentrate of mixed tocopherols of unknown composition, (b) the animals 
had been fed on normal diets from the time of weamng, and (c) themduction 
penods were measured by other methods As will be indicated m the 
following discussion, the first of these considerations appears to be partic- 
ularly important 

Mason (5), usmg a bioassay method, studied the relative vitaimn B 
contents of V’anous organs and tissues of rats reared on low vitamm E, 
high vntamm E, and excess vitamm E diets In the latter two diets the 
vitamm E w as added in thfi form of raw w heat germ and mixed tocopherols, 
respectively It was estimated that the three diets supphed 4, 100, and 
10,000 times the minimum daily requirements Companng the high nta 
min E wnth the low vntamm E diet, he found that the former caused a 
14-foid increment in liver storage, but increased tlie vntamin E content 
of other tissues, including body fats and muscle tissues, by only 3 to 41 
times The relativ'e differences m these ratios appeared to be ev'en greater 
in a corapanson of rats fed excess vitamm E w ith those fed the low vntamin 
E diet (As IS the case with our own present results, the ratios obsened 
by Mason for body fats apparently disagree w ith the results of our earher 
experiment cited abov e ) He concluded that the metabolic needs of other 
tissues are satisfied at the expense of liver storage and that the Iner con 
stitutes the chief repository for ntamin E when the intake is optimal or 


greater 

Hines and Mattill (G), using a chemical method, reported that m rats 
which had been fed vitamin E concentrates (mixed tocopherols) equivalent 
to 100 mg of tocopherol dailj' for an unspecified period, the average tocoph 
erol content of the livers was 423 r per gm , and of muscle tissue, II 9 
The diet presumablj' contamed considerablj' more tocopherol than the hig 
v'ltamm E diet used bj- Mason In rats on normal diets the figures vvere 
22 1 and 7 5, respectivel 3 '’, and in rats on vitamm E-deficient 
and 4 8 The tocopherol content of the vntamm E-deficient diet used b} 
these mvestigators was presumably as low or lower than that of t e o\r 
vitamm E diet used by Mason Contraiy to the latter’s finding, the raw 
of the hver content between the rats on high vit^n E and ^ 
E-deficient rats is lower than the ratio of the muscle content 
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the ^crj great difference m the Mtamin E content of the high vitamin E 
and the \itamin E-dcficient diets, the lemaikably Ior ratios calculated 
from the results of Hines and Mattill are compaiable to the results Re 
obtained in abdominal fats m our eaihei experiment, but appear to disagree 
Rith the results of the piesent experiment These investigators conclude 
also that hepatic stoi age may explain the pi oti acted xatamin E deprn ation 
that rats may undeigo Rithont demonstrating tlie sjauptoms of vitamin 
E deficiency, probablj because the absolute differences in hver contents 
are greater than those in muscle 

Having discussed appaient contradictions between the results of the 
abov e mvestigators, oui prev lous results, and the results of the present 
mv’estigation, we find it necessai j to emphasize that the contradictions may 
be more apparent than real, since there were major differences in the ex- 
penmental conditions and techniques used The purpose of the discussion 
has been to illustrate that the functions of deposition and storage cannot 
be ascnbed primarily to any one organ or tissue on the basis of results 
heietofore obtained Before a clear understanding of the phenomena of 
deposition and storage of tocopherols can be achieved it appears likely 
that it vnll be necessary (a) to studj' the contents of all tissues at various 
defimtelj knowm mtakes of tocopherol and (b) to study the pure tocopherols 
indmdually It may be found that the relationships m deposition and 
storage between vanous tissues wall vaiy with both of these factors 

In the present investigation, m which svmthetic a-tocopherol alone was 
used as the source of vntamin E, it was found that an mtake of 500 mg 
resulted in a minimum deposition of 97 y per gm of rendered abdommal 
fat In the absence of knowledge concerning the content of other tissues 
in this experiment, no specific conclusions can be drawm Smce Hmes and 
Mattill found, how'ever, that an admmistration of vntamm E concentrate 
equivalent to 100 mg daily resulted m only 42 3 y per gm in the liver, 
the abdommal fats as well as the hver must be regarded as possible impor- 
tant storage sites under certain conditions 

The precise function or functions of tocopherols in animal tissues are 
still obscure The interruption of pregnancy and damage to the sexual 
organs produced by Kudrjashov and coworkers (9-11) and others (12) by 
feeding or mjecting decomposition products of rancid fats suggest that 
tocopherols may prevent an tn vivo oxidation of fats similar to in vitro 
rancidification (with or without enzjTnes) Other mvestigators (13) dis- 
pute their results, ascribing the effects to conditions associated wnth the 
meager stores of vitamin E m the animals used Houchm and iMattill 
(14) and Houchm (15) postulate that a-tocopherol, m the form of a phos- 
phate, plays an impoi tant rdle in a complicated enzyme system m muscle 
tissue 
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STOQURT 

A technique has been deseubed b\ means of nhich changes in the tocoph- 
eiol content of the adipose tissues of rats maj be cpiantitativelj studied 
A maximum deposition of a-tocopherol m the abdominal fats of i itamin 
E-free rats, exclusive of the mesentery, is not achieved until 7 to 10 dava 
after feeding a smgle 50 mg dose The concentration of tocopherol de 
creases slow Ij' thereafter, reaching a lev el of about one-half of the maximum 
after 2 months 

The feedmg of a-tocopheiol iii various amounts up to 500 mg lesults 
in the deposition of inci easing amounts in the abdominal fats The 
amounts deposited mdicate that the fat depots mav be majoi sites of storage 
under certain conditions 

Appaient discrepancies between the lesults of vmiious inv estigators in- 
dicate that further w ork must be done in which various known amounts 
of a single tocopherol aie fed befoie anj final conclusions ma^^ be drawn 
concerning the relationships between various tissues m the deposition and 
storage of tocopherol m the rat 
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SOLLBILITY OF ADULT AND FETAL C-VREONYLHEMOGLOBIN 

OF THE COW 
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(From Ific Biological Laboratories, Hariard Unwerstty, Cambridge) 

(Receded for pubhcation, January 4, 1944) 

It IS ell know n that the hemoglobins obtained from members of different 
species are different, and that the differences ongmate m the globm portion 
of the molecules It is not entirely clear, however, whether the hemo- 
globms obtamed from different members of the same species are the same, 
or whether the blood of a given mdividual contains more than one kind of 
hemoglobm molecule, and, if so, w'hether there are changes m the amounts 
of the different kmds with the age and condition of the mdividual 
Vanous experiments have been reported which deal with these questions 
In 1927 Valer (1) made analytical measurements of the percentage of iron 
and sulfur m punfied hemoglobm from different sources In all cases the 
amount of iron was the same (0 33 per cent), but the amount of sulfur vaned 
from one species to another In the cat and cow, samples from different 
mdinduals lyere alw’ays alike, but m the horse and dog the sulfur content 
■varied from one sample to another in a way which was mterpreted to mean 
that dog hemoglobm is a mixture of several different kinds of molecules and 
that different mdmduals differ m respect to their hemoglobm These 
results received confirmation m later studies of Kaiser (2), Timar (3), 
and Simonovits and Balassa (4) Schenck (5), m 1930, reported differences 
m the ammo acid content of hemoglobm from different human mdinduals 
but it IS questionable -whether the differences do not he wnthm the himts 
of error of his analyses Schenck has also reported a difference m the rate 
of digestion by pepsm of adult and fetal hemoglobm of man On the basis 
of studies of the rate of denaturation of hemoglobm by strong alkah, 
von Kruger (6) and subsequently von Kruger and Bischoff (7) and Bischoff 
and Schulte (8) concluded that fetal hemoglobm m man is different from 
that of the adult, bemg more resistant to denaturation Similar conclu- 
sions have been reached by Haurowitz (9, 10) and by Brinkman and his 
associates (11), who state that the blood of new bom infants contains, m 
addition to the fetal type of hemoglobm, 20 per cent of a less resistant form 
which they identify with that of the adult Bnnkman and his associates 
also state that adult human blood contains 8 to 20 per cent of a resistant 
hemoglobm which may or may not be identical wath fetal hemoglobm 
These conclusions are supported bj later studies of Bnnkman and Jonxis 
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(12) on the rate of spreading of hemoglobin m monolaj ers In these studies 
of Brmkman it was found that the resistant form of hemoglobin m fetal 
blood disappears 7 months after birth and is replaced bj the resistant form 
in adult blood at 2f years 

There are numerous other studies directed to the problem of estabhshmg 
a difference between adult and embrjmnic hemoglobins Perner and 
Jannelii (13) made optical measurements of crj'stals of hemoglobin from 
adult and neu bom human bemgs They reported that the co^tals from 
adults 11 ere biavial , those from the neis -born, umaxial These results were 
later confirmed by Haurointz (10) On the other hand, careful spectro 
scopic studies of Jongbloed (14) m the ultramolet region showed no differ 
encp betw een hemoglobm from adults and new -bora The greatest amount 
of work, however, has to do ivith the oxygen equilibnum Haselhorst 
and Stromberger (15), m connection with the problem of oxygen secretion 
by the placenta, made measurements of the oxj'gen dissociation curies of 
maternal and fetal whole blood of man They determined the oxygen 
affinitj * of the tw o kinds of blood in relation to pH and showed that at a 
given pH the afiSmtj w as higher m the case of fetal blood than in the adult 
They behei ed that the difference is the result of an adaptation on the part 
of maternal blood, resultmg m a decrease of oxygen affimt} In 1933, 
MoCarthj (16) made gasometnc measurements of the oxigen dissociation 
curves of punfied goat hemoglobin dissolved m m/15 phosphate at pH 
6 8 All samples of maternal hemoglobm gave the same curve, with n = 

2 2 rfc 0 3 - In fetal hemoglobin the value of n w as f und to be 2 0 ± 0 4 
and the oxj^gen affinity was approximately twice that of maternal hemo- 
globin The two kinds of hemoglobm gave nse to different membrane 
potentials, but the osmotic pressure measurements showed no evidence of a 
difference of molecular weight In a xery recent commumcation (17) 
McCarthy reported similar results on solutions of fetal and adult hemo- 
globin of the sheep The hemoglobm of the adult has a lower ox}gen 
affimty and a higher value of n than fetal hemoglobm, but there is no 
difference betw een the osmotic properties of the tw o In 1934 Barcroft 
(18) and others made an extensive stud}’- of fetal and maternal whole blood 
from goats In agreement with the work of hIcCarthy, they found that 
the oxygen affimty of maternal blood was less than that of the embryo 
The difference w as attnbuted m part to a difference of pH and in part to a 


1 The terra oxygen affimtj used in this discussion is the reciprocal of the value of 
the oxygen pressure corresponding to 50 per cent saturation of the protein wi 

tL is the n which occurs in Hill’s equation describing the combraat.on ^hna^ 
globra wHh oxygen The equation is y/lOO = hr/Cl ^ f-P") where y denotes ^ een 
£ saturation of hemoglobin with oxjgen, k and n are constants, and p is the per 

tial pressure of oxygen 
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real difference m the hemoglobin molecules In the same year, Hall (19), 
using a spectroscopic method, obtained oxygen dissociation curves of 
solutions of goat hemoglobin, maternal and fetal, at a concentration one- 
one-hundredth that in blood At pH 6 8 the oxygen afBmty of fetal 
hemoglobin uas seven-fourths that of maternal blood Sunilar results 
Mere obtained ivnth hemoglobin of incubating chicks (20), for uhich it uas 
shown that there uas a giadual decrease m oxygen affimty durmg develop- 
ment In 1935 Hauromtz (10) shoued that with human hemoglobm m 
dilute solution (0 15 per cent) the curve obtamed for the adult hes to the 
left of that for the embrj'o, but that the relationship is reversed when the 
hemoglobm is present m corpuscles In 1936 Hill and Wolvekamp (21) 
showed that the dilution of adult human hemoglobm might lead to a 2-fold 
mcrease m oxygen affimt}^ mthout any considerable change m the shape 
of the curve Fetal hemoglobin uas found to be much less affected bj 
dilution Similar effects Mere observed Muth other ammals This effect 
of dilution on oxygen affimti has been quite recently confirmed by Gme- 
zmsky (22) StiU more recentlj McCarthy (23) has shown by gasometnc 
measurements that the affimt} of embryomc human hemoglobm in con- 
centrated solution IS shghtiv less than that of maternal hemoglobin, but 
that Mhen the hemoglobm is in the corpuscles the relationship is reversed 

In ^^eM of this rather complicated picture and of the importance of the 
question of the existence of different lands of hemoglobm. Me have under- 
taken a study of the solubihtj of adult and embryomc cow hemoglobm 
Solubdity represents perhaps the most sigmficant cntenon of chemical 
identity, and is a propertj m hich can be studied fairly easilj The present 
paper presents results Mhich, though somewhat incomplete, are beheied 
to be decisive 

CoM' hemoglobm m as employed in all the experiments The crystalliza- 
tions of the protem and the subsequent eqmhbrations Mere all made in 
strong phosphate solutions of pH ^ 6 8, m the saltmg-out region of the 
solubihty curve Approximately 1000 cc of blood from adults and 500 
cc of fetal blood M^ere used for each experiment This m as collected from 
the slaughter-house in bottles contaimng 4 per cent trisodium citrate in 
amounts equal to approximately 10 per cent of the volume of blood In 
addition to citrate a very small amount of toluene Mas added to minimize 
bactenal growth The blood M^as cooled as soon as possible after it Mas 
received, and the cold blood Mas then saturated Math carbon monoxide 
After this the cells were washed three or four tunes Math cold 1 85 per cent 
sodium chloride, being centrifuged each tune in the cold The Mashed 
cells Mere then laked by being shaken after addition of approximate!}’’ 
one-fifth of their volume of toluene and one-fifth of their volume of m ater 
After the laked cells Mere centrifuged to remove the stioma, the subnatant 
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liquor was sjqihoned off and filtered in a Buchner funnel through No 5 
filter paper covered with Cehte, or sometimes simply through paper The 
clear filtrate was then saturated with carbon monoxide and stored m the 
cold as a stock solution 

When an ahquot of cold stock solution was added to concentrated ice- 
cold phosphate buffer, pH 6 8, the amounts being such as to give a final 
concentration of phosphate equal to about 2 15 moles per liter, an amoi- 
phous precipitate resulted at once, which, on standing and bemg shaken, 
became crystalhne Sometimes, after the precipitate had stood oiemight 
m the cold, crystals could be seen attached to the side of the flask, iihich 
w ere an appreciable fraction of a mm m length It w as apparent that the 
amount of precipitate obtained wnth solutions prepared from blood of adults 
w as alw ays greater than that obtamed with solutions from embrj onic blood 
and that the crystals from the latter were more soluble than those from the 
adult 

We give the following descnption of an onentmg experiment which il- 
lustrates this Tw o stock solutions of adult and embrj'omc hemoglobin 
were prepared by the method descnbed aboie A phosphate buffer was 
made up from KjHPOi and ICHiP 04 , containmg 4 346 moles per liter 
The ratio K»HPO< IQIjP 04 w^as 0 577 0 423 and the density at 28° was 
1 458 The calculated pH w as verj' close to 6 8 This buffer w as saturated 
with carbon monoxide To each of two 100 cc volumetnc flasks, labeled 
Flasks A and E, for adult and embrjmmc hemoglobin respectuelj, were 
added exactly 50 cc of this buffer The flasks w ere then chilled to —4° and 
diluted to the -mark with the cold stock hemoglobm solutions An amor 
phous precipitate at once developed, which was much greater m Flask 4 
than in Flask. E Both flasks were left m the cold overnight On the 
next mormng some crj’stals were apparent m each flask, but the bulk of 
the matenal appeared to be amorphous After the flasks were shaken and 
allowed to stand for an hour or two, the precipitate m each had become 
completely crystalhne so far sis could be obsenmd When samples from 
Flasks A and E w'ere centrifuged for half an hour at 3000 h p m , the crystals, 
bemg hghter than the mother hquor, collected at the top The clear 
hqmd imderlymg the crystals from the blood of the adult was colorl®, 
that underlying the crystals from embrj'omc blood w as a deep pink ter 
these hquids were syphoned off, the crystals were washed three tunes wi 
a solvent made by dilutmg the stock phosphate buffer with water to tmce 
its xolume The molar concentration of this solvent m total phosp a 
was 2 173 and the density 1 245 at 25° Durmg the second Wastang w 
crystals w ere left m contact with the solvent overnight Throug ou 
process it was evident after each centrifugation that the clear hqui ™ 
lying the crystals of embrymmc carbonylhemoglobm was a ways 
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darker m color than that underlj^ng the crystals of carbonylhemoglobiu 
from the adult, and that tlie former crj^stals disappeared much faster than 
the latter At the end of the third washing the crystals of embrjonic 
carbonj Ihemoglobm n ere nearly gone 
In \uen of these results, further and more careful experiments were done 
m ivhich the concentrations of the solutions w ere determined spectrophoto- 
metncallj For this purpose either of too instruments was employed One 

of these was the spectropho telemeter made b3’- the Central Scientific 
Companj’’ but modified b3 the substitution of a much more sensitive photo- 
electnc measunng dence In the measurements made with this instru- 
ment the nonunal sht width w as 37 A The other was the Beckman photo- 
electnc quartz spectrophotometer In the measurements made with this 
instrument the nominal sht width was 8 A All the measurements w ere 
made at a wave-length of 5000 A and concentrations were calculated b3 
taking the value of the absorption coefficient of cow carbon3'lhemoglobm 
as 5 50 X 10* sq cm per equiialent, where the weight of the equivalent 
is 16,700 (24) This means that if the depth of the absorption cell is 1 cm , 
as m all our measurements, the concentration of hemoglobin m gm per 
100 cc may be obtamed b3 multiplymg log lo/I by 0 303 It may be 
noted that at a wave-length of 5000 A the absorption coefficients of 0x3 - 
and carbonylhemoglobin are almost identical 
The first experiment was earned out as follows Two stock solutions, 
Solutions A and E, containmg adult and fetal hemoglobm respectivel3 , 
were prepared in the usual w ay except that, before filtration through Cehte, 
the solutions obtamed from the laked cells were dialyzed against water to 
remoie traces of salt After saturation with carbon monoxide, the con- 
centrations of hemoglobin in these torn stock solutions w ere measured w ith 
the spectrophotelometer That in Solution A was 22 0 gm per 100 cc , 
and that m Solution E was 19 1 gm per 100 cc The density of Solution A 
was 1 0493, which, on the basis of a partial specific volume of hemoglobin 
of 0 749, w^ould mean a concentration of 20 6 gm per 100 cc The concen- 
trations of these two stock solutions were equahzed by dilutmg Solution A 
mth water to 22 0/19 1 = 1 15 times the ongmal volume After this 
the concentrations of the two solutions were checked with the Beckman 
instrument and found to be, Solution A, 1705 gm per 100 cc , Solution E, 
17 10 gm per 100 cc These tw 0 figures may be taken as equal withm the 
limits of experimental error The difference between the concentrations 
of Solution E as measured wuth the two photometers must be ascribed to 
factors mvolvmg the instruments themselves, but it is not rele\ ant to the 
present experiments to mquire into it further A phosphate buflfer like 
that described m the prelimmary experiment was made up and saturated 
with carbon monoxide E\actl3 50 cc of this were added to each of two 
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425 cc centnfuge cups Tiiese were then cooled m an ice-salt mixture and 
to one w ere added exactly 50 cc of the cold stock Solution A To the other 
an equal amount of cold Solution E was added The cups were then stop’ 
pel ed, put in the ice chest, and left overmght On the next monung they 
were placed in a rotator in a water bath at r and left rotating 4 days 
At the end of this tune the cups were centrifuged and the subnatant hquids 
w'ere syphoned off and filtered in the cold The concentrations of hemo- 
globin in the subnatant hquids were then determined with the spectro- 
photelometer and found to be as follows Solution A, 0 228 gm per 100 cc , 
Solution E, 2 59 gm per 100 cc While these eqmhbrations ware being 
earned out, two additional precipitations were made m winch 18 cc of 
adult or embryomc hemoglobm were added to 20 cc of phosphate buffer 
in smaller centnfuge cups The solutions were then eqmhbrated by ro- 
tating the cups m the 7° bath for 3 days, and were removed and measured 
at the same tune as the solutions m the large cups The concentrations 
of hemoglobin in this second pair of solutions were as follows Solution 4, 
0 0636 gm per 100 cc , Solution E, 0 616 gm per 100 cc 
These results reveal the considerable difference m solubihty between 
adult and fetal carbonylhemoglobm Havre', er, it should be pointed out 
that the nature of the experiment accentuates this difference, as the pro 
tern precipitates, takmg with it a certam amount of water of crystalUza- 
tion, it gives nse to an increase m the phosphate concentration m solution 
which tends to lower the solubihty of the protein further The effect is 
greater in the case of the less soluble protein 
In a second experiment the same stock solutions, Solutions A and E, 
and the same phosphate buffer were employed to make up a set of solutions 
m test-tubes To each tube was added a certain volume of phosphate 
buffer, a certain volume of stock hemoglobin solution. Solution A or E, 
and a certain volume of water, the water, like the phosphate buffer, having 
been saturated with carbon monoxide The sum of the volumes of water 
and hemoglobm solution was m each case equal to the volume of the phos 
phate buffer These solutions were then equilibrated by rotatuig the 
test-tubes for several days m the bath at 7° At the end of this tune, the 
contents of all the tubes were filtered to remove cry'stals and the concentra- 
tions of the hemoglobin in the filtrates were measured with the Beckman 
spectrophotometer In each case the measured concentration of hemo 
globm was tabulated against the hypothetical concentration calculate 
from the way m which the correspondmg test-tube was made up, on t e 
assumption that all the protem remamed m solution In these calcula io^ 
the concentration of hemoglobm m both stock solutions was taken as 
gm per 100 cc , the value obtained with the Beckman inslmmen , 

concentrations of dissolved hemoglobin were measured with tins m- 
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strument No account n as taken of the slight volume contraction resulting 
from mixing the liquids, since this is of the ordei of onl}-^ 1 to 2 per cent 
and is icry ncarlj constant for all the tubes Its onh eftect vould be to 
alter slightly' the slope of the theoretical straight line shown in Fig 1 
Tins experiment ■^^as earned out tince, although lack of stock Solution E 
hnuted the number of points obtained the second time The results are 
shon-n graphicallj' m Fig 1 

This t3 pe of sohibilitj experiment is different from that used by North- 
rop So long as the solution is unsaturated, the concentration of dissolved 
protem remains equal to the calculated concentration of added protein, 
subject onlj' to the slight effect of volume changes discussed aboxm As 
soon as the saturation point is reached and crystals begin to form, the xml- 
ume of the liquid phase is reduced, and, omng to the water of crvstaUization 



IjG 1 Solubility of carbonylhemoglobin from the adult cow (Curve A) and 
embrjo (Curve E) The ordinates give the concentration of hemoglobin in solution 
in gm per 100 ce , the abscissae give the total amount of hemoglobin present in gm 
per 100 CO O, first run. A, second run 

of the hemoglobin, the proportion of phosphate to water in this phase is 
increased This leads to the phenomenon shovm m Fig 1, mvolving a 
sharp drop m the concentration of dissolved protem as more stock solution 
IS added The effect provides a sharp “end-pomt” correspondmg to satu- 
ration There is also another factor m the situation to be considered As 
more stock solution and correspondingly less nater are added, the ratio 
of total water m the system to total phosphate decreases whether or not 
there is any precipitate Thus at the pomt of saturation the solvent is 
more concentrated m phosphate m the case of the more soluble protem 
This experiment makes it possible to calculate with fair accuraev the 
solubihtj of each of the two hemoglobms m a solvent of knowm lomc 
strength, different for each It may be estimated from Fig I that satura- 
tion occurs at a concentration of 4 gm of protem m 100 cc in the case of the 
hemoglobin of the adult and of 7 7 gm of protein in 100 cc in the case of 
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mbiyoiuc hemoglobin These concentrations uould result from com- 
bining the following quantities of water, stock hemoglobin solution and 
phosphate buffer 


Stock solution 
Water 

Phosphate buffer 


Adult 

Fetus 

cc 

cc 

23 4 

45 1 

26 6 

4 9 

50 

50 


Prom these figures, takmg account of densities, we calmilate the follomng 
quantities of matenals to be piesent m the tno systems 


Hemoglobin, gm 
Water, gm 
Phosphate, mole 


Adult FftU5 

4 7 7 

SS 65 83 10 

0 2173 0 2173 


These figures mean that, at 7°, 4 gm of the hemoglobin of the adult mil 
dissolve m a solvent consistmg of 85 65 gm of nater and 0 2173 mole of 
phosphate m which KjHPOi ICEPPOi = 577 423, and that at the same 
tempeiature 7 7 gm of fetal hemoglobm will dissolve m a solvent consistmg 
of 83 10 gm of water and the same amount of phosphate It is a simple 
matter to calculate the lomc strengths of these two solvents All that is 
needed for this is a knowdedge of the densities These w ere estimated on 
the basis of density measurements on other phosphate solutions of known 
composition as 1 257 and 1 265 These tw o figures give for the lomo 
strengths of the two solvents the followang values carbonylhemoglobm 
solution for the adult, 4 90, for the embrvo, 5 05 
A final experiment remains to be considered Stock Solutions A and E 
of adult and embryomc hemoglobm were prepared as already descnbed, 
without the step involving dialysis The same phosphate buffer was em 
ployed as before, and this was saturated as before wnth carbon monowde 
Stock Solutions A and E w ere added cold to equal volumes of phosphate 
buffer After the precipitations were complete, samples of the mother 
liquor w ere wnthdrawn and centrifuged The densities were then measured 
and found to be, Solution A, 1 2926, Solution E, 1 2806 A phosphate 
buffer w as prepared by diluting tbe ongmal buffei so that the concentration 
was 2 57 moles per liter, the lomc strength 5 54, and the density 1 2880 
This w as used as a solvent to wash the two sets of ciystals Six washmgs 
were earned out with this solvent over a penod of 10 days at 7° During 
each washing the crystals w'ere equihbrated with the solvent by rotating 
the contamer in the constant temperature bath At the end of each eqai 
hbration the material was centnfuged, the solvent syphoned 
for measui ement, and replaced with fresh soh ent At the end of e p 
cess the last foui w ashmgs w ere filtered, and, after being suita j > > 
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measured wth the Beckman spectrophotometer The results are given 
in Table I 

These experiments show that embryomc cow hemoglobin is more soluble 
than adult and would seem to furmsh decisive proof that the two proteins 
are distinct It is possible to make use of the collected data to obtam 
crude salting-out curves for the two hemoglobins by plotting logio solu- 
bihty against lomc strength For this purpose we assemble the followmg 

Table I 


Hemoglobin Concentration As Measured vnth Beckman Spectrophotometer 


Washing No 

Adult 

Embryo 


tm Per JOO cc 

gm per 100 cc 

3 

0 012 

0 080 

4 

0 006 


5 

0 016 


6 

0 012 

0 076 

Average 

0 0115 

0 072 



Fig 2 Solubility of the carbonylhemoglobin from the adult cow O and fetus A 
in relation to the ionic strength, V/2 The ordinates give the log concentration in 
gm per 100 cc 

data for the solubihty, S, m gm per 100 cc , of the two kinds of hemo- 
globm m relation to F, the ionic strength of the solvent per hter 

Adult hemoglobin, F = 4 90, 5 = 4 0,’ F = 5 54, 5 = 0 0115 
Fetal “ “ = 5 045,“ = 7 7, “ = 5 54, " = 0 072 

The result of the plot is shown in Fig 2 The ounces may be mter- 
pieted m terms of the equation 

log5 = )3- IC'.I 


® It should be mentioned that a preliminary and some^\ hat less reliable experiment 
on the solubihty of the hemoglobin of the adult at an ionic strength of 4 G8 would 
indicate a considerably lo^er solubility than corresponds to that in Fig 2 
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in n Inch /S and K', are constants, by assuming the following values of the con- 
stants adult hemoglobin, ^ 20 237, K'. = 4, fetal hemoglobm, = 

21 033, X = 4 The values of would indicate that, m the range of ionic 
strengths studied, the solubility of fetal hemoglobin is about 63 times 
that of the adult How ever, smce the ounces drawn m Fig 2 are each based 
on only two points, too much w-eight cannot be attached to the exact values 
of the constants, although there w'ould seem to he no question of the 
greater solubihtj of fetal hemoglobm TlTiethei or not the adult and fetal 
hemoglobin prepaiations both represent a smgle kind of molecule or a mix- 
ture of two or more different kinds is a question which cannot be settled 
on the basis of these experiments In the lattei alternative it would seem 
likely that the ci^'stals are sohd solutions 

SUMMARY 

Solubihty measurements have been made on carbonylhemoglobm of adult 
and fetal cow blood In strong phosphate buffers, of lomo strength 4 9 to 
5 5 and pH 6 8, the hemoglobin from embryonic blood is more than 6 times 
as soluble as that from the adult Tins would indicate that the two hemo 
globins are distinct 
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WATER-SOLUBLE VITAMINS IN SWEAT* 

\y^r F SARGENT, P ROBINSON, and R E JOHNSON 
(From the Fatigue Lahoratory, Morgan Hall, Harvard University, Boston) 

(Received for pubbcation, January 11, 1944) 

Claims have been made that significant amounts of the water-soluble 
vitamins maj’’ be lost m sneat In viev of the importance of this problem 
in tropical and desert nutrition and the conflicting reports (4, 9, 12, 20), i\e 
have made an extended investigation, using a variety of refined techmques 
for collecting and stabilizing sweat and for estimating vitamins In addi- 
tion to ascorbic acid, dehydroascorbic acid, thiamine, nboflavin, and 
mcotimc acid, uhich hare been studied by one or more other workers, ue 
have estimated diphosphothiarmne and the fluorescent pigments of Najjar 
and Holt and collaborators (15), Fi and F* A complete summary of the 
literature in this field -will be found at the end of the piesent paper 

EXPEIUMENTAL 

Produchon of Sweat — In each experiment healthy young men hving on a 
good normal diet sweated approximately 1 litei per hour while marching 
in a heated room according to a regime commonly employed in this labora- 
tory (18) Desert conditions w eie simulated at 43® and 30 per cent relative 
humidity, moist tropical at 35° and 85 per cent relative humidity Eleven 
men m all stages of acclimatization (ranging from none at all to complete) 
were used as subjects 

Collection of Sweat — Sweat was collected m two ways First, elbow 
length rubber gloves were worn for half an hour Second, sweat w'as 
scraped off the body wath a glass vessel Precautions and special pomts of 
techmque necessary m the case of mdividual substances are discussed below^ 

Methods and Results 

Estimations w ere made on fresh sweat of the following substances ascor- 
bic acid, dehydroascorbic acid, thiamine, diphosphothiamine, nboflavin, 
nicotmic acid, Fi, and Fo The results are summanzed m Table I, which 
shows negligible amounts of all No differences were detected between 
sw eat from unacclimatized and acclimatized men 

* The work presented in this paper was financed in part under a contract, recom- 
mended by the Committee on Aledical Research, between the Office of Scientific 
Research and Development and the President and Fellows of Harvard College 

Financial assistance is acknowledged from the Corn Industries Research Founda- 
tion and from the Nutntion Foundation, Inc 
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Ascorbic and Behydroascorhc Acids— The results for ascorbic and dehj^- 
droascorbic acids an s«eat aie shomi in Table II, ^ihich demonstrates the 


Table I 

Summary of Eslzmattons of Vitamins in Sweat 


Substance 

No of samples 



Average 

lUagc 

Ascorbic acid 

31 

mg ter 100 ml 

0 00 

i»{ perJOOmt 

0 

Dehydroasoorbic acid 

16 


0-02 

Thiamine and diphosphothiamine 

15 


0 

Riboflavin 

ID 


0 

Nicotinic acid 

40 


0-0 1 

Fluorescent pigments F, and F- of Najjar and 
Holt and collaborators (16) 

5 


0 


Table II 

Ascorbic ami Dehydroascorhic Acids in Sweat 


The results are expressed la mg per 100 ml 


Subjects 1 

j 


AsMrbtc acid 

Deb>’droa5COTbic aad 



IM 

lodopbenol 

Methylene 

blue 

F S 

2 

0 


0 1-0 4 


J p 

5 1 

0 

0 

0 -05 

0-0 2 

J s 

^ i 

0 

0 

0-0 4 

0 

M C 

3 

0 

0 

0 

0 

G P 

3 

0 i 

0 ! 

0 

0 

E J 

3 

0 




F C 

3 1 

0 




M P 

2 

0 




H B 

2 

0 




G T 

2 ! 

0 




M hi 

1 

0 




Total of evperiments 

31 

31 

1 16 

IS 

16 

Highest 

1 

i 

1 ° 

0 5 

0 2 

Loivost j 

1 


0 

0 


A\ erage | 

j 

1 0 

0 

0 2 

0 02 


absence of ascorbic acid and the presence of dehydroascorhic acid m small 

Ascorbic acid was estimated bj the method of Alindhn and Butler (13) 
r\ith use of 2,6-dichloiophenoI indophenol and the Eiehm pho oeec 
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colorimeter and also by the method of Butler and Cushman (3) by means 
of the reversible decolonzation of methylene blue by strong hght m the 
presence of ascorbic acid Dehydroascorbic acid was converted by the 
hj drogen sulfide reduction of Bessey (2) mto ascorbic acid which was then 
estimated by one or both of the above methods In the estimation of 
dehydroascorbic acid, the methylene blue method is better than the mdo- 
phenol method, because it admits of accurate correction for the effect of 

Table III 

Behavior of Ascorbic and Dehydroascorbic Acids in Sweat 


In each typical e'^penment ascorbic acid was added to the vehicle at 0 tune 
AA represents ascorbic acid, DAA dehydroascorbic acid The results are given in 
mg per cent 



sweat on the destruction of added ascorbic acid Experiment B illustrates the rela- 
tion between ascorbic and dehydroascorbic acids after addition of ascorbic acid 

traces of hydrogen sulfide For this reason we consider the methylene blue 
values the more representative of the true dehydroascorbic acid content of 
sweat 

The detection of ascorbic acid m sn^eat presents difficulties because of its 
rapid destruction These difficulties are illustrated m Table III Si\ 
pomts should be noted First, ascorbic acid added to sneat disappears 
rapidly and at different rates m different samples Second, if ascorbic acid 
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IS added after sweat has been boiled for 5 minutes and then cooled to SS® 
or to 5°, the rate of destruction is greater than in fresh sweat at the same 
temperatures Hence, enzymatic action is excluded It is possible either 
that the ions of heavy metals are set free by boihng and are the destructive 
agents, or that traces of protein which delay the breakdoivn of ascorbic acid 
in fresh sweat are denatured by boilmg Third, coolmg retards but does 
not entirely prevent the destruction of ascorbic acid Fourth, addition of 
metaphosphonc acid to sweat stabihzes added ascorbic acid completely 
for at least an hour, even at 40° Fifth, destruction of added ascorbic acid 
IS accompamed by production of dehydroascorbic acid, but the sum of these 
two acids never equals the initial content of ascorbic acid Sixth, destruc- 
tion of dehydroascorbic acid proceeds at a relatively slow rate even in fresh 
sweat 

The above demonstration of the extremely rapid destruction of ascorbic 
acid in sweat at body temperatuie, with the simultaneous production of 
dehydroascorbic acid, was corroborated by pouring solutions of ascorbic 
acid down the arms of sweating subjects In a typical experiment, an 
aqueous solution containing a known concentration of ascorbic acid was 
divided into three portions of 50 ml each One portion was stabihzed at 
once with 50 ml of 6 per cent metaphosphonc acid and was stored on ice 
Another portion was kept in the hot room and w as added to 50 ml of 6 per 
cent metaphosphonc acid at a rate approximating that at which the third 
portion was poured slowly and continuously down the arm of a sweatmg 
man, draining into 50 ml of 6 per cent metaphosphonc a'-id The rate of 
pouring w as 10 ml per minute The arm w as w ashed twu'^e at the end with 
distilled water Ascorbic and dehydroascorbic acids were then estimated 
in the iced control, in the hot room control, and in the solution that had been 
poured down the arm ^^■hen an absolute amount of 0 90 mg of ascorbic 
acid was poured down the aim, 0 67 mg was recovered as ascorbic acid and 
0 23 mg as dehydroascorbic acid When an absolute amount of 0 22 mg of 
ascorbic acid was used, 0 04 mg w as recovered as ascorbic acid and 0 12 mg 
as dehydroascorbic acid Three conclusions may be drawn from this type 
of expenment First, ascorbic acid breaks down rapidly on the surface of 
a sweating arm, wath concomitant production of dehydroascorbic acid 
Second, the lower the concentration of added ascorbic acid, the more com 
plete IS the destruction of ascoibic acid Third, even with low imtial 
concentrations of ascorbic acid, the terminal value of dehydroascorbic acid 
IS a reasonably satisfactorj measure of the mitial ascorbic acid 

In \ lew of the instabihtj of ascorbic acid added to sw eat and because o 
the demonstrated stabilizing effect of metaphosphonc acid, certam precau- 
tions w ere taken m the collection of sweat I\Tien gloves w ere used 6 per 
cent metaphosphonc acid was placed m them before collection starteo 
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WTien a glass vessel v as used for scraping the body, the sweat was trans- 
ferred as rapidly as possible to a cold broim bottle containing 6 per cent 
metaphosphonc acid In control experiments both procedures alloued 
satisfactory recovery of ascorbic acid added in knoivn amounts either to the 
glove or to the scraping vessel 

As Table II shoii s, no ascorbic acid was detected m thirty-one different 
samples of sweat, even when all precautions were observed Under the 
same conditions dehydroascorbic acid was sometimes detected m small 
amounts If significant amounts of ascoibic acid are lost m sueat, the 
vitamin must be destroyed before reachmg the surface Under these con- 
ditions we would expect relatively large amounts of dehydroascorbic acid 
to appear m the sweat, as is demonstrated in the experiments described 
above However, only small amounts of dehydroascorbic acid actually do 
appear m sweat Therefore, ue conclude, first, that insignificant amounts'" 
of ascorbic acid are destroyed in the sweat ducts, and second, that eien in 
a hard day’s work, invoh mg the loss of 10 or more hters of sweat, there is 
no sigmficant loss of vitanun C by this route 

Thiamine and Diphosphothiamine — Thiamme was estimated b3’' the 
method of Egana and Meiklejohn (6), diphosphothiamine by an unpubhshed 
fluorometnc method of Egana and Robinson Sweat w as collected by all of 
the methods described above In control expenments when thiamine was 
added to siveat m amounts approximatmg 10 y per 100 ml , recoverj' was 
quantitative under the foUoivxng conditions (1) when added to sweat at 
body temperature, (2) when added to sweat containmg 6 per cent of meta- 
phosphonc acid, (3) when added to a glove worn for § hour by a sweatmg 
man, and (4) when poured over the arm of a sweatmg man It is clear, 
therefore, that thiamme, m contrast to ascorbic acid, is destroj^ed very 
slowly when added to sweat Hence, the estimation of thiamme in sweat 
presents few difficulties 

Of fifteen samples of fresh sweat, ten assayed zero and m the rest neither 
thiamme nor diphosphothiamine w'as present in amounts exceeding the 
Imuts of sensitivity of the method, which is about 0 5 7 per 100 ml 

Ribojlamn — ^Riboflavm was estimated by the method of Najjar (14) 
Sweat was collected by all of the methods described above wath the follow- 
ing additional precautions against fight the heated room was lighted only 
by a 60 watt, orange, photographic dark room lantern and all vessels were 
of amber glass In conti ol experiments w hen riboflavin w as added to sw eat 
in amounts approximatmg 10 7 per 100 ml , recoverj' w as 100 per cent in the 
incubation, glove, and aim experiments In none of ten samples of sweat 
could any nboflavm be detected 

Nicotinic Acid — ^Nicotinic acid was estimated bj the methods of Hams 
and Raymond (8) and of Kodicek (11) In our hands, nicotinamide could 
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be recovered quantitatn elynhen added to water, but when added to sweat 
\ields were eiratic It appeared that some mterienng substances, varying 
in amount fi om sample to sample, rendered the assays somewhat unreliable 
tVlien sweat was concentrated w lacuo (see below) recoveries were more 
satisfactoiy, for unexplained reasons 
In foity fresh samples of sw eat an apparent value of between 0 0 and 0 1 
mg of mcotimc acid per 100 ml was detected, the average being 0 05 
Fluorescent Pigments oj Najjar and Holt, Fi and Fi These pigments w ere 
estimated by the method of Xa]jar and Wood (16) with one modification 
Adsoiption was effected by shaking m a glass-stoppered mixing cyhndei 
with 5 gm of activated permutit instead of passing the sweat through an 
adsoiption column In none of the samples did any Fi or Fj appear 
Concentrated Sueat — ^Because analyses of fresh sweat mdicated negligible 
quantities of vitamins, sweat was concentrated in an attempt to obtain a 
definitive estimate of the actual content of nboflavm, thiamme, and mco 

Table IV 


Slahihiy of Vitamins Added to Sweat during Concentration bp Vacuum DiMlahon 


Portion 

1 Recoveiy of added vjtamms per cent ot imtul value 

Thiamue 

^ RiboSavm 

NicotiDamide 

Fresh, unoonoentrated 
Unconeentrated, heated 5 hrs at ' 

300 1 

1 1 

1 100 

i 

100 

40° i 

100 ! 

! 90 

100 

Concentrated in vacuo | 

80 j 

75 

no 


time acid Fresh sw eat was acidified with glacial acetic acid to 3 per cent 
Tacuum distillation in the daik at 15 mm ot Hg and 40° concentrated this 
sw eat 20 to 40 times m 5 houi-s In order to determine the stability of the 
vitamins undei these conditions, known amounts of thiamme, nbofiann, 
and nicotmanude were mixed with acidified fresh sweat, and the mixtuie 
was divided into three portions One portion was analyzed at once 4 
second was heated at 40° m the dark for 5 hours The third was concen- 
trated 20 to 40 times, as desenbed above Table IV demonstrates that lo'S 
of tluamine and nboflavm was about 20 pei cent, but mcotinamide was 
completely stable Therefore, analysis of concentrated sw eat should reveal 
essentially the true content of these vutamins Analyses of five such 
samples gave the following average results thiamme 0, nboflavm 0, anc 
mcotimc acid 0 08 mg pei 100 ml , calculated in teims of fiesh unconcen 
trsted swG£it' 

Animal Assay for Thiamine in Concentrated Sncai~-6 liters of fresh siveat 
w ei e concentrated as desenbed abov e and fi ozen at -66° DrFJ ar 
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of the Department of Medical Nutntion, Harvard Medical School, kindly 
assayed this concentrate by its effect on the survival of rats deficient m 
tluamine He reported that mth tw o levels of mtake there was no thiamine 
detectable by this method On the average death was earlier among the 
rats receiving the higher dosage of sweat 

DISCUSSION 

Consideration of all of the results reported since 1936 is assisted by refer- 
ence to Table V, which shows how extremely vanous the estimates have 
been In general, the early reports give higher values than the later, and 
three of the four most recent papers report neghgible amounts of aU the 
vitaimns assayed Some of the high results can probably be attnbuted to 
one or both of tw o factors first, the analytical methods were not specific for 
the substances to be estimated, second, the sweat was not collected by tech- 
niques that insured agamst contamination 

Studies on sweat have an important beanng on nutntional requirements 
in hot climates in that they can elucidate one of the possible routes of mta-j 
min depletion The general conclusion to be drawn from the work of 
investigators who have used specific analytical methods as well as unexcep- 
tionable technique in collecting sweat is that loss in the sweat is not a sig- 
nificant factor in depleting the body’s stoies of water-soluble vitamins 
Even under severe conditions that necessitate a daily loss of 10 to 15 hters 
of sweat, excretion of vitamins is considerably greater m the unne than in 
the sweat Few observers have been senously concerned over urinary loss 
as a cause of vitamin depletion, and we consider that they should be even 
less exercised over losses m the sweat 

SUMMARY 

1 Water-soluble vitamins m sweat have been investigated by a vanety 
of anal3dical methods and ivith a vanety of methods for collecting and 
handling sweat 

2 The followong substances could not be detected b5' chenucal methods 
in any sample of fresh siveat free ascorbic acid, thiamine, diphosphothia- 
mine, nboflavin, and the fluoiescent pigments Fj and Fj of Najjar and Holt 

3 Dehydroascorbic acid appeared in half of sixteen samples m amounts 
not exceeding^O 2 mg pe r 100 ml ■ 

4 Nicotmic acid, as estimated by the method in which cyanogen bromide 
and an aromatic amine are employed, appeared in a majonty of forty 
samples in a concentration not exceeding 0 1 mg per 100 ml 

5 Rat assay failed to show thiamme m samples of sw'eat concentrated 
in vacuo by a method proved to stabilize the vitamin reasonably well 

6 Fiom a review of the work of those investigators who have emplojed 



The results are expressed in mg or in micrograms per 100 ml 
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Cornbleet ei al . 
1936 (5) 

Bernstein, 1937 (1) 

ZseI>onka and 
Nfinissy M6gay 

1937 (22) 

right and 
MacLenathen 
1939 (21) 


Method of sneat 
induction 

Method of sn eat 
collection 

Thermal 

Subject en- 
cased in 
rubber bag 

Exercise 

Not described 

Thermal 

Scraping into 
glass vessel 
nithacid 

Thermal 

Dripped into 
cold acetic 
acid 

T 

C 


Ascorl 


Anal) tical method 

Indophenol 

titration 

Not measured 

Indophenol ti- 
tration 

Indophenol 

titration 

Range, mg 

0 55-0 64 


01-0 2 

0 024-0 ISC 


Dehjdroai 


Anal) tical method 

Not measured 

Not measured 

Not measured 


Range, mg 






Total ascorbic acid (ascoi 


Analytical method | Not measured 


Indophenol ti- 
tration fol- 
loinng HjS 
reduction 


Not measured | Not measured I ^ 


RanRc, vig \ 

\ 0 5-11 1 

1 1. 

\ 

Hard! and SuII 1941 (7) 

SUltr 1912 (19) 

Tenuttt ui 

Method of sweat induction 
Method of sweat collection 

Exercise 

Not fully desenbed 

Thermal 

Scraped into glass vessel 
with acid 

Thermal,! 
Sponge H 
cold tolu 

Thu 

Analytical method 

Thiochrome, fluoro I 

metric 

Thiochrome, fluoro 
metric 

Xhiocnruw 

metnc 

Ranee, y 

8 2-150 



JilM 

Analytical method 

HaniTA. •Y 

l^ot measured 

1 

Not measured 


° yanioifl' 

Analytical method I 

Range, y 1 

Not measured 

Not measured 

iVllCIUL/iv- 

Analytical method 

Ranee, mg 

Not measured 

Not measured 

a _ tThr 

Notmeaa^'' 
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LE V 

/ Lticralure 


Feckttal I 

1939 (17) 

Hardt and Still 

1911 (7) 

Tennent and Silber 
1943 (20) 

Mickelsen and Keys 
1943 (12) 

Sargent et al 
cf Johnson 1943 (9) 

hermal 

Exorcise 

Thermal, e\cr 

Exercise 

Exercise 

otton pledgets, 
no stabilizer 

Not fully de 
scribed 

else 

Sponge squeezed 
into cold 

nso, 

Rubber glov e 
drained con 
finuously into 
cold acetic 
acid 

Rubber glove 
containing 6% 
HPOj, scraped 
into cold HPOj 


1 C acid 


dophenol ti- 

Indopbenol 

Indophenol ti 

Indophenol 

Indophenol, pho 

tration, 2 

photometric 

tration 

photometric 

tometric 

samples 

and titration 


metln lene b^ue, 
photomet-ic 


0 0S62, 0 42 

0 18-0 20 

0 

0-0 IS 

0 


corbic acid 


ot measured 

Not measured 

Aniline, furfural 

Not measured 

Methvlene blue 





photometric fol- 
low ing H S re 
duction 



0-02 


0-0 2 


bio and dehydroascorbic) 


ot measured 

Not measured 

Aniline, furfural | 

Not measured | Methx lene blue. 



j 

photometric 
follow ingHS 



1 

' reduction 



0-0 2 ! 

1 0-02 


Silber 1943 (20) 

Corobleet et of 1943 (4) 

Miclcelsen and Keys 1943 (12) 

Sargent e/fl/ r/ Johnson 

1943 (9) 

xercise 
ueezed into 
ene 

Thermal 

Subject encased in rub 
ber bag, sweat con 
centrated 

Exercise 

Rubber glox c drained 
continuouslj into cold 
stabilizer, sweat con 
centrated 

Exercise 

1 Rubber gloxe con 
taming 6%HPOi 

2 Scraped into 6% 
HPOj, sweat concen- 
trated 

mine 

e, fluoro 

3-0 7 

Colorimetric, diazo 
tized ethyl p ammo 
benzoate (cf (10)) 
<6-60 

1 Thiochrome, fluoro i 

metric 

<02 I 

1 1 Thiochrome, fluoro 
metric 

2 Rat assaj 

0* 

flavin 

gical 

1-7 

Microbiological j 

3-30 

1 Microbiological 

2 Fluorometric 

<0 5 

j Fluorometric 

1 

0 

me acid 

gical 

-30 

Microbiological 

12-SO 

Not measured 

Not measured 

i 

ic acid 

ed ; 

Microbiological | 

0 01-0 046 ! 

1 Microbiological 

2 Chemical 
“Averaged ca 0 1” 

0} anogen bromide, 
aromatic amine 

0-0 It 


also measured Fi and Fj of Najjar and Holt and collaborators (15, 16) and found none 
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the most specific methods as ivell as an acceptable techmque m coUectmg 
and handling sweat, it is concluded that loss m the sweat is not a significant 
factor in depleting the body’s stores of water-soluble ntamins Even 
under severe conditions, loss m the sweat is much less than excretion in the 
unne 

We are indebted to the First Service Command and the Quartermaster 
Corps, United States Army, for placing on detached duty m this laboratory 
Corpoial M Castiglione, Corporal J Poulin, Private first class A Eazoyk, 
and Private fiist class J Stachelek These men acted as subjects and as 
skilled techmcians in the present study 

Merck and Company, Inc , kmdly provided us ivith nbofla'vin 
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OXIDATION OF FRUCTOSE BY BRAIN IN VITRO 
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Fructose does not maintain the electncal activity of the cerebral cortex 
in the hepatectomized animal (1) However, whole bram (2) and cortex 
(3) oxidize fructose tn vitro These facts may be explamed by assummg 
that the bram cells are impermeable to fructose m vivo, or that the oxida- 
tion of fructose is not concerned m the mamtenance of cortical activity 
The latter supposition makes it necessary to assume that the metabolism 
of fructose by bram differs fiom the metabohsm of glucose, smce glucose 
does support cortical activity in the hepatectomized animal (1) 

In the present work the oxidation of fnictose by bram preparations n as 
studied tn vitro The data obtamed mdieate that the oxidation of fructose 
by bram m vitro follows the same pattern as the oxidation of glucose Thus, 
the data support the hypothesis that bram cells are impermeable to fructose 
in VIVO 

Materials and Methods 

The bram was prepared as follows A cat was killed bv a blow on the 
head and decapitation The bram uas removed, homogenized with 30 
ml of 0 04 M potassium phosphate, pH 8 0, contaming 0 02 m magnesium 
chloride, and then squeezed through muslm The pH of the mixture v as 
about 7 0 1 ml aliquots of this preparation m ere mixed mth 0 8 ml 

of a solution contammg the followmg substances m the concentrations indi- 
cated 0 2 m mcotmamide, 0 004 ar fumarate, 0 003 M adenosme 5-tnphos- 
phate or adenosme-5-phosphate, 0 09 ai fluoride, 0 003 ai diphosphopj ridine 
nucleotide, 0 002 ai thiamine pyrophosphate, and 0 05 at potassium phos- 
phate, pH 8 0 The pH of the final mixture v as about 7 2 The mixtures 
u ere incubated at 37° m air until the oxj^gen uptake had decreased to about 
1 micromole per 10 minutes Then 0 2 ml of m ater or substrate solution 
was added to each mixture, and the incubation continued m an or nitrogen 
Foi experiments ma olving anaerobic production of lactate alone the homo- 
genate was diluted fi\e times with the phosphate-magnesium mixture, and 
then treated as indicated aboae, except with omission of fluoride and the 
preliminaiy mcubation in an 

The oxygen uptake and caibon dioxide production were followed mano- 
metncally After these measurements the mixtures w ere treated wuth 1 ml 
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of 2 X tnchloroacetic acid and 7 ml of water, and then filtered The filtrates 
were analyzed foi lactate (4) substances bmdmg bisulfite, ze carbonil 
groups (5), morganic phosphate (6) before and after hydrolysis m n acid 
at 100° foi 10 and 180 minutes, morgamc phosphate formed by treatment 
wth N alkali at room temperature for 20 minutes (7), and for total phos- 
phate Suitable controls were analyzed similarly 

The rate of formation of morgamc phosphate by acid hydrolysis furnishes 
presumptive identification of orgamc phosphates The rates of hydroljsis 
of a number of organic phosphates and the inferences deducible from the 
rates haie been summanzed (8) In the present study hydrolysis durmg 
10 to 180 nunutes of a considerable portion of the orgamc phosphate ob 
tamed m a given experiment has been considered mdicative of the presence 
of hexose phosphate and resistance to hydrolysis durmg 180 mmutes in- 
dicative of phosphoglycerate 

Further identification of organic phosphate nas made m some axperi 
ments as foUovs 10-fold quantities of bram preparation and other matenal 
v ere treated as indicated above except that the gas exchange n as not meas 
ured and the protems n ere precipitated mth 1 ml of 10 x tnchloroacehc 
acid A suitable aliquot of filtrate was analyzed for organic phosphate 
After the addition of 0 1 volume each of ethjl alcohol ana irbanum acetate 
the remamder of the filtrate nas made alkalme to phenolphthalem xnth 
sohdbanum hydroxide The mixtures as centnfiiged Thepreoipitateniw 
suspended in 2 ml of u ater and acidified to Congo red papei mtb 10 x 
hydrochlonc acid The mixture was again made alkaline mth banum 
hydroxide The precipitate u as collected by centrifugation, v ashed thnce 
mth 1 ml portions of 0 1 ai banum acetate, and then dissolved in dilute 
acid» The solution vv as assaj ed for fructose (9, 10), the amount and rate 
of hydrolysis of the organic phosphate, and for substances reducing Bene 
diet’s qualitative alkalme copper reagent AVith this procedure about SO 
per cent of the organic phosphate formed m a given experiment could be 
isolated as a banum salt 


Results 

The aerobic oxidation of fructose by the bram preparation is illustrated 
by the data m Table I, Ex-penment 1, A In this expenment oxygen an 
morgamc phosphate disappeared The disappearance of morgamc phos- 
phate signifies the formation of orgamc phosphate The resistance to an 
hjdrolysis of the major fraction of the organic phosphate suggests tha e 
product formed was phosphoglycerate In a large scale expenment e 
organic phosphate isolated as the banum salt was not appreciab^ 5 ™ 
lyzed by hot n acid m 180 mmutes, did not contain fructose, an i 
reduce the alkahne copper reagent This likewise suggests that the pr 
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of oxidation of fructose under the conditions employed was phospho- 
glycerate 

Lactate ivas formed m the experiment given m Table I, but not m all 
such experiments Incomplete inhibition of phosphoglycerate breakdown 
by fluonde might lead to the production of pyruvate, which might account 
for formation of lactate by the reaction mdicated m Equation 3 The 
carbonyl compounds m the control at the begmnmg and the end of the 

Table 1 

Oxidation and Phosphorylation of Fructose by Cat Brain in Vitro 
The preparations of brain used are described in the te\t Fluonde was present in 
Experiments 1 and 2, but not in Expenment 3 The penods of incubation after addi- 
tion of substrates were 30, 45, and 60 minutes for Expenments 1, 2, and 3, respec- 
tively The data given are the differences between the observed and appropnate 
control values The minus sign indicates disappearance of the substance in ques- 
tion, the plus sign indicates formation 
The results are expressed in micromoles 








OTganic pbospbate 



Conditions 

Ex 

pen 

nent 

No 

Substrate 

Ox> 

gen 

Car 

bon 

di 

oxide 

Inor 

gosic 

pho$ 

phate 

Hydro* 
lyzed 
by V 
aud at 
100 

dunog 

10-180 

roui 

Not by 
djro- 
lyred 
by N 
aad at 
100 ID 
180 rau3 

Hydro- 
lyzed 
by N 
aliali 
at 

room 
tem 
pera 
ture in 
20 
mm 

Lactate 

Car 

bonyl 

com 

pound 

Aerobic 

1, A 

Fructose, 40 

-2 5 

11 

-19 7 

+1 3 

+17 3 

+5 7 

+4 4 

+3 4 


1,B 

Pyruvate, 16 8 

-5 5 

+9 7 

-2 1 

0 0 

+2 8 

0 0 

+2 7 

-6 7 


1, C 

Fructose, 40, -f 
pyruvate, 

16 8 

-6 5 

+8 8 

-42 8 

+13 5 

+15 1 

+2 3 

+10 9 

-8 7 

Anaerobic 

2, A 

Fructose, 40, + 
pyruvate, 

18 5 

0 0 


-10 1 

+1 0 


0 0 

+9 6 

-8 0 


2,B 

Fructose, 40 



-1 1 

+0 5 


0 0 

0 0 

0 0 


2, C 

Pyruvate, 18 5 



0 0 

0 0 


0 0 

+2 4 

-3 7 


3 

Fructose, 40 



-8 0 

+5 5 

+1 5 

0 0 

+10 0 

0 0 


expenment were not present m sufficient amount to account for the forma- 
tion of lactate 

An equation that may account m part for the results is 

Fructose -f 2 phosphate -h Oi = 2 phosphoglycerate -h 2HiO (1) 

This reaction imphes the direct oxidation of tnose phosphate which has 
been demonstrated with bram preparations (11, 12) The formation of 
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tnose phosphate m the present experiment is mdicated by the production 
of carbonyl compounds and orgamc phosphate hydrolyzed by alLah (7) 
Phosphorylation coupled ^nth oxidation of tnose phosphate has been ob- 
served in other tissues (13, 14) In bram (15) and other tissue (7) tnose 
phosphate is formed from fructose diphosphate Therefore, the formation 
of tnose phosphate in the present expenment presumably ivas preceded by 
phosphorylation of fructose Phosphorylation of fructose by liver and 
kidney has been demonstrated (16) 

The amount of inorganic phosphate that disappeared, 19 7 micromoles, 
corrected for phosphorjdation attributable to lactate production, 44 
micromoles, and for organic phosphate hydrolyzed by acid dunng 0 to 180 
minutes, 2 4 micromoles, was 13 9 micromoles According to Equation 1, 
the oxygen uptake accounts for the disappearance of 5 micromoles of in- 
orgamc phosphate Experiments with glucose mdicated a similar dis 
crepancy between the phosphorylation predicted from the oxygen uptake 
and the observed disappeaiance of morgamc phosphate This discrep- 
ancy suggests the existence of additional unknovTi reactions 

Expenment I, C, illustrates the effect of pyruvate on the aerobic oxida- 
tion of fructose In this exTieriment morgamc phosphate, oxygen, and 
carbonyl compounds disappeared, and organic phosphate and carbon di- 
oxide were formed The rate of acid hydrolysis of the orgamc phosphafe 
suggests that it was hexose phosphate In a large scale eiqienment the 
orgamc phosphate isolated as the banum salt contained fructose and phos- 
phate m the ratio of about 2 and reduced the alkahne copper reagent 
This suggests that a considerable portion of the orgamc phosphate formed 
dunng the oxidation of the mixture of pyruxate and fructose was fructose 
diphosphate 

The results may be attributed m part to the reaction descnbed by the 
equation 

n-Fructose 4- 2 n-phosphate -b pyruvate -f- 2 60s = n-fructose diphosphate 

+ 3COs + 2HsO (2) 

The extent to which the phosphorjdation observed in the present expen- 
ment can be attnbuted to the oxidation of pyruvate is uncertam The 
maximum correction of the phosphorylation observed m the presence o 
pyruvate plus fructose is probably represented by the sum of the disap 
pearance of morgamc phosphate in the presence of fructose and pyruvate 
alone, 21 8 micromoles The coirected phosphorylation is 21 0 micromoles, 
givmg a minimum ratio of moles of inorganic phosphate estenfied to mo es 
of oxygen consumed of 3 8 Tlie ratio obtamed xnth bram preparations 
with glucose as substrate was 4 0 (17) Experiments v ith preparations ot 
cat heart mdicate that the maximum ratio is probably 6 (18) 
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The anaerobic oxidation of fructose m the presence of pyruvate is il- 
lustrated by Expemnent 2, A Inorganic phosphate and pyruvate disap- 
peared, lactate and organic phosphate tv ere formed The resistance of the 
organic phosphate to acid hydrolysis and the properties of the organic 
phosphate isolated in the large scale experiment suggest that the product 
of the oxidation of fructose was phosphoglycerate An equation that 
accounts for the results is 

Fructose -1- 2 phosphate -b 2 pyruvate >= 2 phosphoglycerate -b 2 lactate (3) 

This reaction, Tvhich has been demonstrated with brain preparations with 
glucose as substrate, involves dismutation between tnose phosphate and 
pyruvate (15) 

Anerobically in the absence of fluoride, fructose was converted to lactate 
This IS demonstrated by the data given m Experiment 3 The data are m 
agreement with the equation 

2 fructose -b 2 phosphate = 2 lactate -b fructose diphosphate (4) 

The properties of the organic phosphate isolated m the large scale expen- 
ment were compatible with the assumption that the orgamc phosphate 
formed in Experunent 3 was mainly fructose diphosphate With glucose 
as substrate, this reaction has been demonstrated ivith bram prepara- 
tions (15) 

With relatively concentrated preparations of bram httle or no lactate 
was formed from glucose (15, 19) or fructose It seemed possible that this 
may have been due to mactivation of the necessary diphosphopyndme 
nucleotide, which is effected by bram and which is prevented by mco- 
tmanude (20, 21) However, the amide did not permit lactate formation 
from glucose or fructose by relatively concentrated preparations It ap- 
pears, therefore, that the failure of such preparations to produce lactate 
IS not due to mactivation of the nucleotide Previous attempts to demon- 
strate lactate formation from fructose m bram (3) probably did not suc- 
ceed OTvmg to the use of concentrated preparations 

SUMMARY 

The oxidation of fructose by bram tn vitro is accompamed by phosphory- 
lation The reactions that account in part for the oxidation of glucose 
and fructose are the same 

The laboratory is mdebted to Merck and Company, Inc , for the thiamme 
pyrophosphate used m these ex-penments 
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(Received for publication, January 24, 1944) 

Differences between the hemoglobin of the new bom child and that of 
the adult have been recognized for some time Following the observations 
of von Kruger (1, 2) that hemoglobin from different species is charactenzed 
by differences m rate of denaturation by alkali, Bnnkman (3, 4), Hauro- 
witz (5), and others (6, 7) have differentiated more than one hemoglobm 
m human blood by this means At least two ividely divergent tj^ies, a 
fetal and an adult type, and possibly others are present The fetal, alkah- 
resistant type present at birth is gradually replaced dunng the first 7 
months of life by an alkali-labile form Preliminary studies fay us have 
confirmed these observations After 3 yeais of age, a small vanable amount 
of alkah-resistant hemoglobm may recur The latter has not been shoivn 
to be identical ivith the fetal type (3) Other differences in the properties 
of hemoglobm from individuals of different ages tend to substantiate the 
\ lew that there is more than one hemoglobm They differ m their affimty 
for oxygen and carbon dioxide (8-10), in crystalhne form (11, 12), m ammo 
acid content (13, 14), and m immunological specificity (15) Accordmg 
to Jimgbloed (16) they cannot, however, be distmguished spectrophoto- 
metncally There appears to be a general agreement with Haurowitz 
(17) that the prosthetic moiety of the adult and fetal hemoglobm is identical 
and that the difference is m the protem fraction 

It was thought that the hemoglobms might be differentiated by electro- 
phoretic mobilities and by them sedimentation constants, if the vanation 
exists m the protem portion of the molecule The electrophoretic mobilities 
and sedimentation constants of fetal and adult carbonylhemoglobm here 
reported show marked differences and demonstrate that two molecular 
species may be separated from fetal and adult blood 

experimental 

Our first studies of the mobihty of hemoglobin were earned out on o\y- 
hemoglobm which was later replaced by carbonylhemoglobm because of its 
greater stabihty 

‘Present address. University Hospital, University of Maryland, Baltimore 
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Citrated whole blood was saturated with carbon monoxide and centn- 
fuged The red cells w'ere w'ashed three times mth 0 9 per cent sodium 
chlonde saturated with carbon monoxide Approximately 1 1 cc of the 
packed cells w'ere transferred to a 50 cc centnfuge tube and 35 cc of water 
and 10 cc of toluene were added After being refrigerated for several 
hours the tube was centufuged and the clear carbonylhemoglobin solution 
filtered into a 100 cc flask, 11 5 cc of 0 2 m secondary sodium phosphate 
and 5 7 cc of 0 2 m primary sodium phosphate w^ere added and the hemo- 
globm solution was made up to 100 cc with water The concentration 
was determmed electrophotometncaUy and adjusted to 0 5 per cent by 
the addition of a phosphate buffer consisting of 115 7 cc of 0 2 st secondary 
sodium phosphate and 57 8 cc of 0 2 m primary sodium phosphate per 
hter and saturated with carbon monoxide This buffer, pH 7 1, was also 
used for the subsequent dialysis of the hemoglobm and in the Tiseliiis cell 
(18) The hemoglobin solution was dialyzed for 72 hours, after which 
time the conductintj of the buffer and that of the hemoglobin solution 
remamed constant Oondiictivity W’as measured at 4° by means of an 
audio frequency, alternating ciirient bndge and an oscillator A Longs 
worth-IQett modification of the Tisehus apparatus was used Pictures 
w ere taken mitiallj’’ and at suitable mtervals by the schlieren method, by 
the Longswmrth scanning teclinique (19), or both, with a General Electnc 
projector flood light os the light source and a red gelatin tricolor filter 
Mobilities were calculated on the basis of the distance moved by the bi- 
secting ordinate of the concentration gradient curve at 4“, pH 7 1, under 
the mfluence of a current of 0 020 ampere 
Values for mobility, n, were calculated from the distance moied, d, the 
conductivity, C, the current, ?, cross-section of the cell. A, and the time in 
seconds, i, by the following formula, u = CAdjil Carbonylhemoglobin 
for the determmation of sedimentation constants wms prepared according 
to the proceduie of Steiiihardt (20) The sedimentation constants were 
calculated by the Svedbeig absorption techmque (21) from data obtamed 
by a McBam type ultracentrifuge (22) The 37 mm rotor used in this 
w ork IS similar to all of the McBam rotors except that it is lower and more 
streamlmed (23) The insert has the appearance of a heavy washer with 
sixteen radial holes drilled m it to hold small capillary tubes filled with tte 
hemoglobm solution Tiie procedure is simply to put the filled and sealed 
capillary tubes into the rotor and, when a measurement is desired, 
the rotor, remove the tube, photograph it, and replace in the rotor This 
complete process is rapid with the McBam instrument, full speed emg 
regamed m about 2 minutes 



ANDERSCH, WILSON, AND MENTEN 


303 


DISCUSSION 

The results obtained on eleven specimens of carbonylhemoglobin have 
been summarized m Table I and Figs 1 to 3 Thei e is a significant difference 
m the mobilities and in the sedimentation constants of adult and fetal 


Table I 

Electrophoretic Mobilities and Sedimentation Constants of Fetal and Adult 
Carbonylhemoglobin 


1 

Source o\ hemoglobin 

0 S per cent 
HbC6 pH 7 1 

Potential gra 
dient 10 volts 
per sq cm | 

Sedimentation 

constant 

fo ^ 

Mobihty (tt X 10"*) 

Slower compo 
nent 

Faster compo 
nent 

Adult (2 samples)* 

-0 7 

Bil 

4 7’ 

5 day infant 

1 


2 5‘ 

9 “ 


WBEM 


90 " " 




Umbilical cord blood (2 samples) 




Mixture, umbilical cord and adult blood 





The values in parentheses a ere for small components 

• Three additional measurements of mobility iiere made on o\j hemoglobin with 
the same results 



Fig 1 Longsnorth electrophoretic pattern descending, of HbCO/ derived from 
cord blood The principal component, fetal hemoglobin, HbCO/, is shown with the 
smaller component adult hemoglobin, HbCOa, on the left appearing in 2 hours The 
three peaks from left to right occur at 0, 2, and 4 hours 

hemoglobm The blood from the umbilical cord and from 5, 9, and 90 
day-old mfants contains two hemoglobins, a large fraction ivith a char- 
acteristic electrophoretic mobihty of fetal hemoglobin and a small fraction 
With the mobility of the hemoglobm obtained from adult blood This 
findmg agrees mth the conclusions of Brinkman (4) and Haurowitz (5) 
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that the blood of a new bom infant contains a small amount of adult, 
hemoglobin In one adult blood, a small fraction a as noted, the mobility 
of which approximated that of the fetal type The fraction was small 
and difficulty in measunng made the absolute mobility somewhat in 
doubt 

Marked differences m the sedimentation constants of the hemoglobin 
m the blood of two infants and one adult are emdent A measurement of 
molecular weight w-as not obtained, since diffusion constants were not 



Fig 2 Longsn orth electrophoretic pattern descending, of HbCOo derived from 
adult blood The principal component, HbCOo, and the small component on the 
right, HbCO/, appearing in 2 hours are shonn The three peaks from left to right 
occur at 0, 2, and 4 hours 



Fig 3 Longsworth electrophoretic pattern, descending, of equimolar mixtures of 
HbCOo and HbCO/ The three peaks from left to right occur at 0, 2, and 3 hours 
The small peak appearing on the nght of the principal peak at 3 hours is the separ- 
ating HbCO/ component 

determined If one assumes the same diffusion constant, the molecular 
size of adult hemoglobin w ould be about twuce that of the fetal hemoglobin 
These data substantiate the view that there are two molecular species 
of hemoglobin, fetal and adult, which differ m the protem portion of the 
molecule 

Notlung IS known of the mechanism underljnng the gradual appearance 
of an adult hemoglobin component during early life with the concomitan 
disappearance of the fetal fraction The progressive decrease m hemo^ 
globm values of blood which occurs dunng this same period may possibij 
be related to this eh inge m mechanism 



i^DE^SCH, WILSON, AND MENTEN 


305 


SUMMARY 

Electrophoretic mobilities and sedimentation constants of adult and 
fetal carbonylhemoglobms have been determined From these data, it is 
concluded that adult and fetal hemoglobins consist of at least two molecular 
species, the relative proportions of which differ markedly in adult and fetal 
hemoglobm 
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(Recei\ed for publication, January 27, 1944) 

Most chemical methods for the determination of nicotinic acid involve 
reaction with cjanogen bromide and a primary or secondary aromatic 
amine Several different amines hate been proposed, such as aniline (1), 
|3 naphthylamine (2), p-methylammophenol sulfate (3), p-ammoaceto- 
plienone (4), p-aminophenol (5), p-ammophenylsulfonamide (6), and ortho- 
form (metlyl ?n-amino-p-hydro\ybenzoate) (7) Such diversity is not 
n itliout reason, smce development of mavimum color is dependent on the 
piesence of the amine group The difficulties most frequently met in the 
various methods are the necessity of waiting a certain length of time for 
dev elopment of the color, instabilitj of the coloi , low color intensity, and 
failure adequately to account for the blank w hen turbid or colored extracts 
are being analyzed 

The difficulties mentioned above havm been ehmmated in the following 
method with m-phenylenediamine and hydiochloric acid 

EXPERIMENT VL 

Acidification with hydrochloric acid stabilizes the maximum color de- 
veloped by the reaction of nicotinic acid with cyanogen bromide and m- 
phenylenediairune Color dev'elopment is immediate and the intensity is 
greater than that obtained w ith many other ammes 

Reagents — 

1 AS per cent aqueous solution of ?n-phen 3 denediamme dihydrochloride, 
prepared freshly each week 

2 A 4 per cent aqueous solution of cyanogen bromide 

3 Buffer solution adjusted to pH Q 6 (7) 

4 20 per cent hydrochlonc acid 

5 Standaid mcotinic acid solution contammg 1 0 mg per mis I^^len 
detemunations are to be made, this solution is diluted so that each ml 
contams 10 y of nicotinic acid 

Procedure 

To 10 ml of a solution contammg between 0 and 60 y of mcotmic acid 
are added 5 ml of the buffei solution and 5 ml of the cyanogen bromide 

* Published with the permission of the Director as Scientific Contribution No 92 
of the New Hampshire Agricultural Experiment Station 
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solution After the mixture is allowed to stand at room temperature for 
20 minutes, 1 ml of the m-phenylenediamme solution is added, followed 
immediately by 1 ml of 20 per cent hydrochlonc acid Eeadmgs are made 
in a photoelectnc colonmeter (IQett-Summerson) at 400 m/i (Filter 40) 
The readmgs may be made immediately or at any time durmg the following 
15 minutes In the preparation of a standard curve, the solution containing 

Tabib I 


Dctcrminahons with Pure Ntcoltntc And Solultone 


NicoUnic ftcid 

U) 

Beosity scale readme 

(b) 

^■(6) 

7 



0 

0 


5 

11 

0 455 

10 

22 

0 455 

20 

44 

0 455 

40 

88 

0 455 

60 

132 

0 455 


Table II 

Effect of And on Stobibiy of Color 


The values are the actual readings on solutions containing 50 -y of nicotinic acid 
from the optical density scale of the colorimeter (distilled water, 0) 


Time 

No acid 



1 0 ml coDcea 
Uated HCl 

tnin 

0 5 

163 

158 

J60 

124 

1 

100 

158 

160 

126 

2 

154 

154 

160 

126 

4 

144 

150 

160 

136 

8 

142 

150 

160 

140 

12 

128 

145 

160 

140 

16 

124 

135 

160 

140 

20 

120 

127 

160 

140 

24 

116 

125 

156 

140 

28 

112 

123 

ISO 

138 

32 

108 

IIS 

144 

132 


no nicotinic acid is used to set the zero pomt of the instrument, thus making 
scale readings directly piopoitional to the concentration of nicotinic aci , 
as shown m Table I K, the factor for converting optical density to con- 
centration of nicotmic acid, should be determined each time anay^ 

are earned out , 

Effect of irCl— Preliminary determmations w'lth m-phenylenediamm 











A E TEEEI S R SHIMER 


309 


sho\\ed that maximum color develops uithm about 5 seconds at a pH be- 
tu een C and 7, but that it immediatelj begins to fade Hon e\ er, stabiliza- 
tion of the coloi IS effected foi at least 15 minutes by acidification u ith 20 
pel cent hydiochloric acid In Table II the effects on the stability of add- 
ing 1 arious concentrations of acid aie shomi All samples contained 50 y 
of nicotinic acid The data are actual leadings fiom the optical density 
scale of the colonmeter (distilled nater, zero) Since addition of 1 ml of 
20 per cent hydrochloric acid bnngs about stabihtj of the color at a high 
intensity, this concentration has been chosen foi the analytical procedure 
The acid must be added immediatelj aftei the amine Addition either 
before or Mith the amme (solution of the amine in 20 per cent hj’-drochlonc 
acid) mil result m a stable color but at a much i educed mtensity 

Similar deteimmations Mere earned out mth aniline and mth orthoform 
substituted for wi-phenylenediamme With each of these amines maximum 
coloi development requires from 3 to 5 mmutes and fading is rapid An 
attempt to reproduce the stabihtj w Inch has been reported for the ortho- 
form method (7) did not meet mth success Addition of hydrochloiic acid 
resulted m total loss of color when oithofoim vas used, but produced color 
stability M’hen anilme Mas the amme employed However, the intensit\ 
of the color developed mth anihne is only about half that produced Math 
m-phenylenediamme, and so the latter is to be preferred The larger 
number of amme groups present may account for this mcreased coloi in- 
tensity Such reasomng is m keepmg Math the statement by Konig (8) 
that by mcreasmg the concentiation of the amme an mcreasmg number of 
groups are forced mto combmation 

Blank — In the analj^is of biological matenals, foods, and phaiinaceuticals, 
it IS often difficult to obtam a solution completely free from color oi tur- 
bidity Hence, correct alloMance for such factors is essential The use 
of an extrapolation method produces false values accordmg to Dann and 
Handler (9) , and so a true blank determmation should be made Hom e% er, 
the usual tvpe of blank is not sufficient, because, as shoMU by Melmck and 
Field (10), the amme reacts Math substances m extracts to produce a color, 
but this leaction does not occur Mhen ejanogen bromide is present This 
necessitates omittmg both the amme and cyanogen bromide from the blank 
Mhen the color due to the extract is bemg determmed, and requires the 
measurement of two blanks, the effects of m hich are additive One of these 
IS termed the sample blank and consists of 10 ml of the extract bemg as- 
saved, 5 ml of buffer solution, 6 ml of Mater, and 1 ml of 20 per cent 
Indrochlonc acid A distinct advantage of the acidification enters at 
this stage of the procedure, smee any protem in the extract which 
IS precipitated by the alcohol of the buffer is immediately redissolved 
upon addition of hydiochloric acid, thus providmg a clear yellow solution 
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This, of course, applies to the sample being assayed as well as to the samp'e 
blank The second blank is termed the leagent blank and consists of IG 
ml of Hater, 5 ml of cyanogen bromide solution, and 1 ml of the 5 per cent 
w-phenylenediamine solution This latter blank is constant and need be 
determined only once for a senes of assays Hon ever, it is not possible 
to set the colorimeter at zeio for the reagent blank, because the reagents 
often produce more color than is present in the sample blank Therefoie, 
it IS best to set the instrument at zero for some arbitrary pomt (distilled 
Hater) and, in makmg an assay, obtam the true reading, nhich is proper 

Table III 


Determinations vnih Commercial Vitamin Tablets 


Sample No 

Nicotintc acid added per 
tablet 

Njcotmic acid foand per 
tablet 

R€co\ ety of added 
aicotmtc acid 


mg 

1 

fer cent 

1 i 

0 00 

4 72 i 


2 

0 00 

4 72 


3 

1 00 

5 72 

100 0 

4 

1 00 

5 72 

100 0 


Table IV 

Determinations with Blood (Cow) 


Sample No ^ 

Nicotinic acid added per 
100 ml 1 

Nicobnic sod found per 
100 ml 

Recovery of added 
ntcotuic acid 

1 

mg 

mg 

per cent 

1 

0 00 

0 41 


2 

0 00 

0 41 


3 

1 00 

1 41 1 

100 0 

4 

1 1 00 

1 37 

97 2 

5 

2 00 

2 41 

100 0 

6 

, 2 00 

2 46 

, 102 0 

7 

3 00 

1 3 55 

KM 2 

8 

3 00 

3 50 

102 6 


tional to the concentration of mcotimc acid, by subtractmg from the sample 
readmg the sum of the readings of the two blanks 

In ordei to test the validity of the dual blank procedure, recovery e\ 
penmen ts h ei e earned out h ith blood and mth commercial Mtamm tableV, 
both of nhich substances yielded colored e\tracts Tire blood samp es 
Here extracted accoidmg to the method of Fnedemann and Barborka (1 1, 
nhile the vitamin tablets Heie extracted Hath hot Hater, centrifuge, an 
the centrifugate diluted until 10 ml contained between 10 and 50 y ot 
nicotmic acid The data, presented m Tables III and IV, subs n la 
the accuracy of the procedure Hith the blanks 
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SUMMARY 

The use of 7H-phenyIenechamine and 20 per cent hydrochlonc acid in the 
colonmetnc deteimination of nicotinic acid has been descnbed The 
reaction is immediate and produces a color which has a fairly high optical 
density and which is stable for over 15 noinutes 
A method of calculation, involving dual blanks, for use when colored or 
turbid extracts are being assayed has also been presented 
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THE HITDROLYSIS OF CYSTINE AND THE FRACTIONATION 
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It IS generally recognized that when biological matenal is subjected to 
alkaline hydrolysis for the hberation of sulfide sulfur, the principal source 
of the sulfur is cj^stme or closely related substances This sulfur is often 
called “labile” sulfur The older methods (7, 8) for estimatmg “labile” 
sulfur were qmte arbitrary and were usually intended to distmguish between 
more or less loosely boimd and firmly bound sulfur rather than to estimate 
the sulfur in any particular compoimd, though it was understood that one- 
half to three-fourths of the cystme sulfur nught be so recovered, and it was 
suggested (10) that glutathione might be the source of the most readdy 
hydrolyzed sulfur 

Clarke and Inouye (4) found that the sodium plumbite hydrolysis of 
cysteme gave a quantitative yield of lead sulfide but that cystme yielded 
only 75 to 80 per cent of its sulfur as lead sulfide The latter v as removed, 
oxidized, and dete rmin ed gravumetncallj The remamder of the sulfur 
nas assumed to be m the form of thiosulfate Ambler (1), usmg cystme 
standards and ngidly controlled digestion mth lead acetate and magnesium 
oxide, was able to obtam reproducible “labile” sulfur values m sugar solu- 
tions, nhich he expressed as the eqmvalent amoimts of cystme 

In the present work the disposition of the sulfur after hydrolysis of 
cystme by a mil d alkalme digestion has been studied and the treatment 
has been apphed to the fractionation of the sulfur m plant matenal 

Determination of “Labile” Sulfur 

Apparatus — The apparatus of Ambler (1) was modified as shown m 
Fig 1 Droppmg funnels vere provided so that the contents of the di- 
gestion flask could be acidified either through the mtake tube or through 
the condenser The absorbers were 125 ml bottles with ground glass 
stoppers, but rubber stoppers nere used m the assembly hue Hydrogen 
(or mtrogen) free of oxygen was passed slowly through the apparatus 
A 3-way stop-cock or a glass T before each absorber permitted addition of 
reagents to the absorber without exposmg its contents to the air Four 
units of apparatus vere operated simultaneouslj' from one source of hy- 
drogen In some of the analj'ses, the digestion nuxture was filtered m order 
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to treat the precipitated sulfide independently of the other products of the 
reaction This was accomplished by removmg the mtake dropping funnel 
and the absorbers and connectmg the filtering apparatus, as shown hy the 
broken hnes m Fig 1 By proper mampulation of the stop-cocks, the 
suspension could be drawn from the flask and filtered under hydrogen 
Digesium — ^The base used throughout the work was magnesium oxide 
A few tests with leaf tissue indicated that the use of 0 5 n or 4 0 n potas 



Fig 1 Apparatus for alkaline digestion of cystine or biological materia! and 
subsequent evolution of hydrogen suiede, etc , or filtration under y r 
nuum sulfide 

Slum hydroxide did not mcrease the yield of sulfide In 

that the latter caused troublesome foammg, ma^esia w^ p 

number of heavy metals were added to ^^lyzed sulfide 

leaf tissue m an effort to find the best coUector of t 

Digestion with cadnuum chloride or hydroxide gav a ^ obtained 

Bismuth and lead salts gave about 85 to 90 per cen j 

with cadmium, zmc salts about 65 per cent, silver and mercuo 
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50 per cent, cobalt, nickel, and stannous salts about 30 to 40 per cent, 
antunony, manganese, cuprous and cupnc salts only 0 to 3 per cent If 
no collector was used and the hydrogen sulfide was swept out contmuously 
as rapidly as it was formed, a yield of 75 per cent of sulfide was obtained 
Cadnuum salts also gave a higher yield than lead m the hydrolysis of pure 
cystme and they had an additional advantage over lead for our purpose in 
that they did not mterfere in the analysis of the reaction mixture ior the 
sulfur remainmg after the removal of the sulfide 

The leaf tissue studied u as generally fresh matenal kept frozen m tight 
contamers at — 15° 15 gm portions were commmuted m a Wanng blender 

The suspension was diluted with water to 600 ml and while bemg 
thoroughly agitated tuo 200 ml portions were taken for sulfide analysis 
and three 50 ml portions for dry weight determmation Leaf samples 
uhich had been rapidlj air-dned bj' bemg spread out m a warm room gave 
results comparable unth the frozen matenal 1 or 2 gm portions of the 
au-dry leaves were used 

The samples of pure chemicals or leaf tissue were mixed UTth 25 ml 
of a 5 per cent suspension of magnesia and 1 gm of cadmium chloride and 
dduted to 325 ml The apparatus was flushed out mth hydrogen before 
the flask was heated and the digestion was alloued to proceed mth gentle 
boihng m a very slou stream of hydrogen Tivo Gilmer heaters m senes 
supphed the correct amount of heat The flask was covered with a hood 
of asbestos paper to exclude the hght The digestion period vaned with 
the matenal The hydrolysis of thiourea was complete m 1 hour or less, 
cystine required 12 to 20 houis, casern, 1 to 2 da}’S, depending on the size 
of the sample, and leaf tissue, 2 to 4 days 

Absorption and Estimation of Sulfide and Sulfite — In one procedure the 
reaction mixture was acidified with sufficient boihng approximately normal, 
hydrochlonc acid to dissolve the magnesia and cadmium sulfide It uas 
best to introduce the acid thiough the intake tube, but the condenser 
sometimes needed u ashing A stream of hydrogen removed the hj drogen 
sulfide and also some sulfur dioxide as rapidly as they were hberated 
Absorption was accomphshed in two absorbers each contaimng 10 ml 
of St Lorant’s (1) solution (5 per cent zmc acetate, 1 per cent sodium ace- 
tate, and 0 5 per cent sodium chlonde) dduted mth 50 ml of u ater In 
some experiments the zmc absorbers were preceded by an absorber con- 
tainmg 50 ml of phosphate-borate buffer (2 per cent disodium phosphate 
crystals and 0 8 per cent boric acid) This solution had a pH of 7 6 to 
7 7 and served effectivelv to separate small amounts of sulfur dioxide and 
hydrogen sulfide 

Estimation of the absorbed sulfur compounds uas completed bi one of 
three methods First, bv comertmg the sulfide to methylene blue (1), 
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or second, lodometncally m acid solution, or tlnrd, biomometneally by the 
Manchot and Oberhauser method (6), followed by precipitation of banum 
sulfate The methylene blue method is specific for hydrogen sulfide, but 
it was difficult to control the reactions involved so as to secure quantita- 
tive results The lodometnc analysis was earned out by adding potassium 
iodide first, then an acid solution of 0 015 ^ iodine or lodate, followed by 
titration with 0 01 N thiosulfate This order of adding the reagents nas 
necessary to prevent overconsumption of lodme by the larger amounts of 
sulfide Sulfur dioxide has the same lodme factor as hydrogen sulfide 
and the titration ivill, therefore, give total sulfur correctly even if both 
forms are present m a mixture 

For the bromometnc titrations, solutions of 0 1 and 0 02 \ bromine m 
normal potassium bromide were used It v. as necessary to add an excess 
of about 10 ml of 0 1 n bromine in a total i olume of 100 ml in order to 
oxidize sulfide to sulfate m a few minutes Onl^' a slight excess of bromine 
was necessary for the sulfite oxidation A httle acid was added after the 
bromine, and the bottle was closed mth a glass stopper inth a mimraiun 
exposure of the bromine solution The excess bromine was titrated with 
standard 0 1 x arseruous acid until the solution nas colorless, then a drop 
of methjd red was added, and 0 02 n bromine was added drop by drop until 
the indicator was suddenly decolorized It was helpful in titrating the 
bromine to replace the glass stopper with another glass stopper having a 
small hole dnlled through it to accommodate the bure*te tip Banum 
cblonde was then added to the solution for a gravimetric "jlfate determina- 
tion Since sulfide requires 4 times as much bromine for oxidation as 
sulfite, the bromometnc method in conjunction with the gravunetric served 
to identify quahtatively as well as to determine ouantitatively the two 
sulfur forms The principal objection to this method arose from the fact 
that bromme oxidized some volatile organic compounds, which could not 
be excluded completely The lodometnc method was not subject to this 
objection to an appreciable extent 

Hydrolysis of Cyshne — The hydrolysis of cystine was studied with an 
Eastman preparation both as supphed and after repeated reciystalhzation 
The punty was determmed by sulfur analysis m the Parr bomb Table I 
summanzes a senes of experiments m winch vanous amounts of cystine 
w ere digested for different lengths of time The products of the hydrolysis 
were collected m the zme acetate absorbmg solution and titrated lodo 
metncally The data indicate that the reaction was not complete m 
hours but that the yield of volatile sulfur compounds was constant at 
to 96 per cent of the total sulfur after 12 to 68 hours with amounts of cystine 
up to 20 mg Protracted digestion evidently did no harm , „ 

Table I also sliows that small amounts of cysteine, thiourea, an ' 
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semicarbamde gave quantitative jnelds of sulfui by this method It seems 
probable that these substances give higher yields than cystme because in 
them only a simple hydrolysis is involved 
A number of other sulfur compounds, notably methionme, gave negative 
results, and only 0 7 per cent of the sulfur m thioglycohc acid was hydro- 
h zed in 2 days A commercial casein preparation jnelded 0 085 per cent 

Table I 


Hydrolysis of Cysline and Some Other Sulfur Compounds, and lodometric 
Determination of Volatile Products of Hydrolysis after Acidification 


Substance 

Weight of 
sample 

Weight of 
sulfur 

Time of 
digestion 

Sulfur recovered 



Av erage 



mi 

hrs 

mg 

per cent 

per cent 

Cj stine 



4 

1 12 

84 





12 

2 36 

89 





20 

0 59 

91 



5 0 

1 30 

20 

1 21 

93 



7 5 

1 95 

20 

1 80 

92 



10 0 

2 60 

20 

2 36 

91 



15 0 

3 90 

20 

3 68 

94 



20 0 

5 32 

20 

4 85 

91 

92 


2 5 

0 65 

44 

0 59 

91 



5 0 

1 30 

44 

1 20 

92 



10 0 

2 60 

44 

2 37 

91 



15 0 

3 90 

44 

3 67 

94 

92 


2 5 

0 65 

68 

0 62 

96 



5 0 

1 30 

68 

1 15 

89 



10 0 

2 60 

68 

2 39 

92 



15 0 

3 90 

68 

3 64 

93 

92 

Cysteine hydro- 

5 0 

0 92 

18 

0 93 

101 


chloride 

10 0 

1 84 

18 

1 86 

101 



20 0 

3 68 

18 

3 74 

102 

101 

Thiosemicarbazide 

6 25 

2 13 

2 

2 12 




6 25 

2 13 

19 

2 23 

105 

102 

Thiourea 

5 0 

2 10 

1 

2 12 

101 



5 0 

2 10 

3 

2 09 




5 0 

2 10 

12 

2 14 

102 

101 


sulfur in a number of concordant analyses This is about the same as the 
“labile” sulfur found by Clarke and his associates (3, 12) and may be com- 
pared VTith the value 0 075 to 0 08 per cent for cystme sulfur reported bj 
Sulhvan (9) and 0 08 per cent reported by Baemstein (2) 

In another senes of experiments it vas found that the sulfur recoierj 
from cystme by lodometric titration was 90 =h 2 per cent, whereas b} the 
methylene blue method the recoi ery v as 83 ± 6 per cent This suggested 
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Examination of the filtrates from these reactions by the methods of Kurt- 
enacker and Goldbach (5) revealed no more than traces of thiosulfate or 
polythionates 

The third treatment (C) involved filtration under hydrogen and direct 
oxidation of the sulfide to sulfate by bromme This oxidation could not 
be estimated bromometncaUy because orgamc matter was present which 


Table III 


Sulfur Dioxide, Hydrogen Sulfide, and Sulfate Determined GTavimetneally after 
Hydrolysis of Cystine, Cysteine, and Glutathione 



of 

analyses 




Sulfur recovered as 

Sulfide 


mm 

ToUl 



B8 

mg 

mg 

per cent 

per cent 

per cent 

per cent 

Cystme 

2 


5 

1 33 

78 

19 

t 

97+ 


4 

(1 

10 

2 66 

77 

17 

6 



7 

tt 

20 i 

5 32 

74 

17 

t 

91+ 


3 

tt , 

25 

6 65 

76 

11 

f 

SS+ 


3 1 

<< 1 

50 

13 30 i 

72 

8 

4 

84 


2 

<< 

100 

26 60 

66 

6 

8 



2 

B 

50 

13 0 

76 

6 

6 

88 


2 


100 

26 0 

1 77 

4 

8 

1 89 


2 ' 

C 


2 66 

1 100 


2 



4 

( 

SO 

13 2 

1 94 


5 

99 


3 

(4 

100 

1 26 3 

92 


7 

99 

Cysteine 

1 

A 

5 

0 92 

101 

3 

t 

104 


3 

<( 

10 

1 84 

99 

6 

t 



3 

<4 

25 

4 60 

87 

3 

t 



1 2t 

mm, 

25 

4 60 

97 

2 

t 

99 


1 


50 

7 65 

73 

1 

t 

74 

Glutathione 

2 


10 

1 04 

103 

13 

t 

116 


2 

H 

25 

2 60 

90 

5 

t 

95 


* Treatment A, acidify and sweep with hydrogen Treatment B, filter 
der Hz, return precipitate to flask, acidity, and sweep nith H’, Treatment C, fi er 
CdS under Hj and oxidize CdS with Br water 


t Not determined 

1 1 to 2 gm of mannitol added to digestion nurture 

caused overconsumption of bromine Practically all the sulfur was ac 
counted for as sulfide and sulfate Only a trace of sulfur dioxide could be 
evolved from the filtrate but any sulfite precipitated with the sulfide woul 
be included uuth the latter In other experiments with 1 0 gm sample 
of cystme, after 2 days digestion, 87 5 per cent of the sulfur uas recovere 
as sulfide, 9 2 per cent as sulfate, 1 5 per cent as base-soluble orgamc s ur, 
and 1 8 per cent as base-msoluble, acid-soluble, orgamc sulfur The as 
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item probably came partly from unchanged cystine deposited in the mtake 
tube and protected from the digestion mixture 

DISCUSSION 

A detailed study of the reaction products of the cystme hj’'drolysis is 
bemg made' the results of A^hich will be published later At this tune it 
may be mdicated (1) that pyruvic acid has been isolated after the comple- 
tion of the digestion as one of the prmcipal reaction products, inthout 
addition of a precipitatmg agent to the mixture dunng digestion as uas 
done by Clarke and Inou3 e (4) , (2) attempts to isolate glj’-cenc acid have 
been unsuccessful, (3) sparmglj^ soluble orgamc substances are present in 
the MgO-CdO-CdS mixture, and (4) deamination and evolution of am- 
monia are nearly complete dunng the digestion The follomng oiei-all 
reactions therefore suggest themselves 

'S CH CH(NH ) COOH" 

3 -t 9H,0 -* H,SO, -f- 5HjS +6CH, CO COOH + 6N Hj 
S CH CH(NH,) COOH 

~S CH CH(NH ) COOH' 

4 + 12H,0 -* H SO, + 7H S -hSCH, CO COOH + SVH, 

.S CHj CH(NHj) COOH. 

Bergmann and also Clarke and Inou3’-e (4) have suggested a mechanism for 
conversion of cysteine to p3 ruvic acid 

NaS CH CH(NH,) COOVa + XaOH CH, C(XH ) COOXa -f- Xa S + HO -* 
CH, CO COONa -f NH, 

Without entermg into a detailed consideration of the process, n e ma3 say 
that the splittmg of the disulfide hnkage appears fairl3’’ satisfactonh e\- 
plamed by oxidation of pai t of the sulfur to sulfite and sulfate The equa- 
tions require that the sum of sulfite and sulfate sulfur shall be between 12 5 
and 16 7 per cent of the total The values in Table III mdicate that tlus 
condition is approximateh fulfilled IVith small samples of C3stme the 
A alues are shghtly high and n ith large samples slightly low Sulfite i alues 
as found by Treatment B ate probably included m the sulfide % alues b3' 
Tieatment C With such an allowance the equations are nearl3 exactly 
fulfilled m the case of the 1 0 gm samples of C3^stme Itma3 be noted that 
a A^er3 small amount of sulfite is denved from cysteine, suggesting that 
other reactions are not entire^'' excluded The separation of free sullur 
has not been observed (4) It should be emphasized tliat in the present 
h3^drolysis the pH of the leaction mixture was about 8 5 Less drastic 
reactions can therefore be expected than wuth strongei alkali 

' The authors are indebted to 4 J Johanson, Brigham 4 oung tnncrsity, Proio, 
Utah, for assistance uith this studi 
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It also appears that the deamination and production of pyruvic acid 
can be accomphshed by hydrolytic or compensated oxidation-reduction 
reactions without addition of an oxidizing agent to the system Pymvic 
acid has long been hnown to react readily ivith hydrogen sulfide to form 
thiodilactic acid This fact may explam the reduced yields of hydrogen 
sulfide by acid evolution from the digestion of the larger samples of cystme 
Owmg to concentration effects, the proportion of hydrogen sulfide thus 
fixed would probably mcrease as the weight of cystme digested increased 
In a special experiment, a mixture of sodium sulfide and pyruvic acid evolved 
appreciably less hydrogen sulfide than did sodium sulfide alone In the 

Table TV 

Sulfvr Fractionation of Sample of Alfalfa Leaves 


SuUur recovered 


TrcaN 

loenl* 

i 

1 

HS + SOi 

CdS 

SOi 

Base 

soluble 

Organic sulfur 

j Base insoluble 

Tout 

soluble 

Toul 

Acid 

soluble 

j Acjd 

1 insoluble 

1 

Ptr cent 

per cent 

per cent 

per cent 

per cent 

[ cent 

per cent 

per cent 

^ i 

0 09G 


0 233 



0 106 

0 150 

0 685 

B ! 

0 097 


0 226 

0 087 

0 057 

0 111 

0 144 

0 578 

c 

1 

1 0 095t 

0 218 

0 076 

0 043t 

0 95 

0 152 

0 678 

i 

i 

1 i 

I 0 018t 



0 033t 





Total sulfur by bomb 0 57 per cent 

* After 3 to 4 days digestion Treatment A, acidify and sweep with Hi, Treatment 
B, filter CdS under Hi, return precipitate to flask, acidify, and sweep with hydro- 
gen, Treatment C, filter CdS under Hi, and treat precipitate successively with cold 
and hot Br w ater Analyze all fil trates for sulfate and organic sulfur 
t Digest with cold Br water 
J Digest w ith hot Br w uf er 


case ot Treatment B in Table III, the organic matenal in the MgO CdO 
CdS mixture probably interfered similarly with hydrogen sulfide evolution 
after acidification but to a smaller extent It may be noted that Clarke 
and Inouye (4) were able to recover only 86 5 to 90 5 per cent of the sulfur 
in all inorganic fractions when they used a technique analogous to Trea 
ment B for “labile” sulfur analysis of 1 0 gm samples of cystme 

Hydrolysis of Leaf Tisswe—Sulfur distnbution of a single sample oi 
poM dered alfalfa leaves is summanzed m Table IV The three trea men 
employed in Table III i\ ere applied to the leaf tissue after a digestion peno 
of 3 days About 5 per cent of the sulfur evolved after j, 

oft as sulfur dioxide The “labile” sulfur values bv the three metli 
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agreed satisfactonlj, except that when the cadmium sulfide precipitate 
was given a ngorous treatment with hot bromme water high results were 
obtamed, oving presumably to the oxidation of orgamc sulfur compounds 
precipitated with sulfide Similarly, the three methods yielded nearly the 
same amount of sulfate 

The filtrates, after removal of sulfate, were evaporated to dryness in 
large mckel crucibles The solutions were rendered alkahne durmg the 
evaporation The residues were fused with sodium peroxide to destroy 
the orgamc matter, and the sulfate formed was determmed gravimetncally 
to give soluble orgamc sulfur In the second and third methods, the soluble 

Tabhe V 


Compartson oj lodomeinc and Gravimelnc Analyses for "Labtle" Sulfur in Alfalfa 

Leaves 


Crop 

(1939) 

Cultural treatment 

Sulfide S 

SO} fttmjgatton 

Sulfur level 
in 

pH in 

lodometnc 

Gravimetric 

Nutnent solution 

Fresh frozen 
sample 

Air dry 
sample 

Air-diy 

sample 





fcr cent 

Per cent 

per cent 


None 

Low 

Low 

0 115 

mEm 

0 107* 


(( 

tt 

High 

0 107 

K|b 



Fumigatedt 

High 

<< 

0 128 

0 122 

0 122* 


it 

Low 

Low 

0 132 

0 122 

0 126* 


None 

“ 

«< 

0 075 




tt 


High 

0 076 




FumigatedS 

it 

Low 

0 141 


0 128t 



" 

High 

0 132 


0 list 


* Acidify and sweep with Hj 
t 293 hours at 0 11 pait per million of SO, 
t Filter CdS and treat with Br n ater 
§ 223 hours at 0 09 part per million of SO, 

orgamc sulfur was about equallj'^ divided betn een the two filtrates, obtamed 
before and after treatment of the cadmium sulfide These fractions prob- 
ably mclude the methionme sulfur, smce prehmmary experiments mdicate 
that methionme forms a sparmgly soluble magnesium salt, a considerable 
part of which is retamed in the base-msoluble residue, the remamder passmg 
into the filtrate The behavior of methionme is bemg mvestigated further 
In addition to these fractions, some insoluble orgamc matter, consisting 
of cell wall matenal and complex orgamc compounds, was present m the 
reaction mixture, after solution of the cadmium sulfide The sulfur m 
this matenal was determmed by the Parr bomb method The first and 
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second methods gave practically the same results for this fraction, but 
Treatment C gave slightly low results, owing probably to the vigorous 
bromme treatment It may be noted that this sample lost 0 01 per cent 
of “labile” sulfur and gained 0 01 per cent of aeid-msoluble organic sulfur 
as a result of 3 years storage m a cool dark place 

In Table V, eight samples of fresh alfalfa leaf tissue were analyzed lodo 
metncally for “labile” sulfur a few days after harvest, by the technique 
descnbed earher The digestion time was 3 days Ahquot portions of 
these samples were aur-dned and 6 to 9 months later the ahquots were 
analyzed lodometncally and gravimetncally The different determinations 
gave approximately the same results, but the results with the air-dned 
samples were a httle lower than with the fresh samples This alfalfa was 
grown in sand culture and all the plots except one had an madequate supply 
of sulfate sulfur in the nutnent solution (11) It may be noted that the 
sulfur-deficient imfumigated plots had considerably less “labile" sulfur 
than the corresponding “fumigated” plots, particularly on the fourth crop, 
when the sulfur deficiency was more marked than on the first crop Evi- 
dently fumigation with sublethal concentrations of sulfur diowde raised 
appreciably the “labile" sulfur level of alfalfa growing m a low sulfate 
nutnent solution The reproducibility’’ of the results is satisfactoiy The 
“labile” sulfur values should be increased by 10 per cent to express them 
as the equivalent amounts of cystine 

SUMMARY 

Analysis of cystine by mild alkahne digestion in the presence of a cad- 
mium salt, followed by acidification and evolution of hydrogen sulfide 
m the reaction flask or by filtration and oxidation of tlie cadmium sulfide, 
has been studied with many variations of the proced ..e 

1 Cadmium salt is the most efficient collector of sulfide 

2 Hydroly sis of cy’stme is nearly complete m 12 to 20 hours 

3 After acidification and depending on the weight of cystine digested, 

66 to 78 pei cent of the sulfur is ei oh ed as sulfide, 0 to 19 per cent as sulfur 
dioxide, and 4 to 9 per cent is oxidized to sulfate Lower yields with larger 
samples are probably due to foimation of stable orgamc compounds dunng 
the evolution process 

4 lodometric titration of the e\ oh'ed gases is a convement and accura 
method of analysis The results agree well with bromometnc and gravi- 

metnc methods . 

5 \Yhen the cadmium sulfide is filtered off and oxidized, nearly a 
sulfur IS accounted for as sulfide (including sulfite) and sulfate even vnm 

larger samples of cystine * „ nmc 

0 The amount of sulfite and sulfate produced in the digestion is pra 

ticallv equivalent to the reduction of the disulfide linkage 
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7 Hydrolytic reactions account for the deamination of the cystme and 
also the production of sulfide and pyruvic acid 
S The digestion has been apphed to leaf tissue and the sulfur has been 
partitioned into “labile” or "cystme” sulfur, sulfate, soluble orgamc sulfur, 
and insoluble orgamc sulfur The results are reproducible 
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A QUANTITATIVE STUDY OF THE ADSORPTION OF ESTRONE, 
ESTRIOL, AND a-ESTRADIOL ON A CHROMATOGRAPHIC 

COLUMN 

By BENJAMIN F STIMMEL 

(Fr m the Rees-Stealy Medxcal Research Fund, Lid , San Diego, California) 
(Received for publication, January 22, 1944) 

In the course of a studj of \ anous procedures for the concentration and 
punfication of urinary estrogens, the feasibihty of the chromatographic 
technique seemed to u arrant investigation Chromatography has been 
employed to advantage m isolation procedures (1-3) for certam estrogens 
but no attempt has been made to utilize it m any quantitative procedure 
for estrone, estnol, and a-estiadiol, the three estrogens beheved to occur 
in human female unne (4, 5) Furthermore, it u as suspected that sufficient 
differences m adsorptiv^e charactenstics might oast among the three estro- 
gens to effect a reasonabl)’" accurate separation from a rmxture Current 
procedures for the quantitatn e sepaiation of mixtures of the three naturally 
occurnng estrogens depend upon differences in distnbution between im- 
miscible solvents (6-8) or upon differences in chemical reactivity of the 
C-17 substituent group (9, 10) 

We have investigated the adsorption charactenstics of crystalhne estrone, 
estnol, and a-estradiol on a column of activated alumma and have developed 
a chromatographic procedure for the quantitative separation of the strongly 
phenolic estrogen (estnol) from the weakly phenolic estrogens (estrone and 
a-estradiol) This investigation and procedure form the subject of this 
report The apphcation of the chromatographic techmque to suitable 
urmary estrogenic residues will be the subject of a forthcormng publi- 
cation 

EXPERIMENTAL 

Reagents — 

Standard solutions of estrogens Two weighed samples of cr 3 stalline 
estrone, two of estnol, and two of a-estradiol’ were taken up m 95 pei cent 
alcohol Suitable aliquots of these solutions (containing from 25 to 300 y) 
weie transferred to test-tubes, and the soNent then evaporated by im- 
mersmg the tubes in a boiling water bath The residues left after evapora- 
tion were dned tn lacuo overnight 

* Supplies of crystalline estrone, estnol, anda-estradiol were generousl} supplied 
by Dr Erwin Schwenk of the Scbenng Corporation, estrone and estnol bj Dr O 
ICatnm of Parke, Davis and Companj ,andot-estradiol by Dr Ernst Oppcnheimer of 
the Ciba Phannaceutical Products, Inc 
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Kober’s leagent piepared and employed essentially as descnbed by Ven- 
ning et al (11) A calibration curve for each estrogen was employed to 
comert color density at S20 m/j into micrograms of estrogen, smce each 
exhibits a sigmficant difference m this respect 
Zunmennann's reagent (12) was prepared and employed as described 
by Talbot el al (13) 

The David test for estnol (14) was performed essentially as described b> 
Pincus el al (15) except that 6 ml of water were added instead of 2 6 ml 
in order to permit leadmgs to be made on the Eveljm photoelectric colon- 
metei With a 620 mfi filter, Beer’s law holds for estnol over the range 
10 to 60 7 IC = 0 052 

Benzene (Baker’s c p , thiophene-free) w as dned over calcium chlonde 
and distilled in an all-glass apparatus 
Methyl alcohol, absolute, Merck reagent 

Ethyl alcohol, absolute United States Industnal Chemicals, Inc , 200 
proof 

Aluminum oxide, anhydrous, Merck, accordmg to Brockmann (Merck 
and Company, Inc ) scieened to pass a 200 mesh sieve 
Apparatus — ^The adsorption tube employed was 19 mm by 200 mm 
The middle section was made from a distilhng vacuum adapter^ the upper 
male jomt of which w'as sealed by a fntted glass disk The bottom section 
consisted of interchangeable flasks with ground glass joints A negative 
pressure from a w ater aspirator w as used to maintain the proper rate of flou 
The Evelyn photoelectnc colorimeter was used throughout, measure 
ments being made w ith the 520 and 620 mu filters 

Procedure 

Preparation of Liquid Chromatogram (16) — 30 gm of anhydrous aluminum 
oxide were added m small portions to a well dned chiomatographic tube 
and gently tamped after each 1 to 2 cm nse m height Emploipnent of a 
negative pressure after the first addition of alummum oxide prevented any 
tendency for it to creep up the side of the tube dunng tampmg A freshly 
prepared column was used for each determination 

The appropnate estrogen residue was then dissolved m 0 5 ml of ab 
solute ethanol and diluted wnth 30 ml of benzene The solution and each 
eluent were then added to the column from a small separatory funnel an 
a negative pressure applied so as to regulate the flow of the percolate to 
approximately 25 ml per 10 minute mtenal Each successive 25 m 
portion of eluent was added to the column when the meniscus of t e pre 
ceding portion fell to ivithin 0 5 cm of the top of the column, at whic ime 
the filtrate receptacle was replaced by a fiesh one 

* Scientific Glass Apparatus Company, Catalogue 140, ^o J-1516 
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The small amount of filtrate from the hormone solution itself was always 
included in the filtrate from the first 25 ml portion of the succeeding eluent 
The solvent -was then distilled from each fraction of the filtrate and the 
hormone residue or an aliquot part was transferred to a colonmeter tube 
with a small amount of ethyl alcohol The tube was prepared for colorim- 
etry by evaporating the alcohol and storing the residue tn vacuo for 24 hours 

Liquid chromatograms for each mdmdual estrogen were prepared u ith a 
limited vanety of eluents The behavior of each estrogen to a succession 
of solvents havmg mcreasmgly powerful eluent actions uas then mvesti- 
gated Fmally the behavior of a mixture of estrogens to such a succession 
of eluents was tested From these data a suitable quantitative procedure 
for separating mixtures of the three estrogens w as evolved and tested with 
\arymg relative proportions of estrogen mixtures To determine the 
quantitative features of the method each eluent w as collected m ioio, rather 
than in 25 ml fractions, and tested for estrogen content 

Results 

Benzene appeared to be the most suitable choice of solvent for the three 
est'^ogens In view of the low solubihty of estriol in benzene (17) a \ en 
small amount (0 5 ml ) of absolute alcohol seemed desirable to aid in dis- 
solving the estrogen residues Consequenth each estrogen residue for 
chromatography was taken up m 05 ml of absolute alcohol and diluted 
with 30 ml of benzene 

A senes of determinations on the extent of development permissible 
with pure benzene in the case of each estrogen was carried out Table I 
contains a summarj of our results It can be seen that development with 
as much as 225 ml of benzene failed to elute anj detectable amount of any 
one of the three estiogens 

A number of attempts at extrusion and du ision of the aluminum oxide 
columns proved difficult and suggests the infeasibihty of this method of 
separation Howexer, it was possible b\ tlus method to demonstrate that 
the three estrogens were adsorbed m the top third of the column 

The liquid chromatogram (16) technique was then adopted and a studx 
was made of a number of solvents which might sene as suitable eluents 
A summary of the effectiveness of the most suitable solvents in the series 
investigated is shown in Table I It is appaient that admixture of small 
proportions of absolute methanol or ethanol with benzene prondes a suitable 
eluent Furthermoie, it appears that ab'^olute methanol is more effectix e, 
x'olume for volume, than absolute ethanol, especialh m the case of estuol, 
which is more strongh adsorbed than the weakh phenolic estrogens (es- 
trone and a-estradiol) It is also appaient that estrone and a-estradiol are 
stnkingly similar in adsoiptixe powei on actuated alumina with respect 
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to the eluents listed and consequently ofTei little hope for separation 
Hon ever, these eluents do seem to be sufficiently selective in effect to ac- 
complish the separation of estnol from mixtures contammg the other two 
estrogens 

In order to develop a suitable scheme of successii e eluents it is neees 
sary to know how each estrogen distnbutes itself m such a scheme and how 
it IS affected by the presence of other components of the mixture Table 
II giies a summary of a number of determinations which seemed most 
likely to senm as a basis for a quantitative separation of estnol from estrone 
and «-estradiol 75 ml of pure benzene were chosen as a convenient 
amount of developing fluid Then 100 ml of benzene-methanol mixture 


Tabm I 

Distribution o/ Estrogens Eluted from Chromatographic Column of Activated Alumina 
by Successive 3S Ml Washings of Tonoiis Eluents 


Exper 

iment 

Estrogen, 200~ 

Eluent 

Per ctfit of total eluate m each wasbmg* 

Xo 



m 

M 

m 

m 

m 

m 

i 

isth 

1 

Estrone 

Benzene 

0 


m 

0 

1 


i 


2 

II 

Benzene-ethanol (9 1) 

70 

24 

6 

0 

0 

0 

0 


3 

l< 

Benzene-methanol (9 1) 

89 

6 

5 

0 

0 

0 

0 

0 

4 

a-Estradiol 

Benzene 

0 

0 

0 

0 

0 

0 

0 

0 

5 

tt 

Benzene-ethanol (9 I) 

17 

61 

12 

4 

3 

0 

0 

0 

6 


Benzene-methanol (9 1) 

5 

71 

19 

5 

0 

0 

0 


7 

Estnol 

Benzene 

0 

0 

0 

0 

0 

0 

0 


8 

II 

Benzene-ethanol (9 1) 

0 

0 

0 

0 

0 

0 

0 


9 

tt 

Benzene-methanol (9 1) 

0 

0 

0 

0 

46 

28 

15 

n 

10 

<1 

Benzene-ethanol (4 1) 

0 

0 

0 

0 

0 

2 

12 



II 

Benzene-methanol (4 1) 

4 

26 

JL 

15 

6 

4 

0 

1 


* Determined by the Kober reagent The results were negative throughout for 
the first w ashing with 25 ml 


(9 1) and 125 ml of benzene-methanol mixture (4 1) were added in sue 
cessive 25 ml portions In the case of estrone and ot-estradio! there is 
agam a very marked similanty in the percentage distnbution in the vanous 
fractions However, estnol is sufficiently dispersed from these two estro- 
gens to permit nearly quantitative separation 

As a final test of the feasibihtj and dependability of the procedure, 
\ anous bmary mixtures w ere tested and recoi enes of added amounts o 
estrogens determined colonmetncallj The data are summarized m « 6 
HI The liquid chromatograms of smgle estiogens m the amounts m ' 
cated reveal that the procedure is adequately specific in that no detec a e 
(z e , colonmetncaliy) amount of estrone or a-estradiol appears outsi e 
9 1 benzene-methanol eluate On the other hand, no detectable am 
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Table II 

DislnbuttonofEstrogcnsEluledfrom Chromaiographtc Column of Activated Alumina 
hy Successive Washings unlh Solvents Possessing Increasingly 
Powerful Eluent Actions 

The figures refer to the percentage of the total aipount recovered in each solvent 


Solvent* in successive 25 ml portions 


Exper 

unent 

No 

Amount of estrogen added 

1 

Color reagent used 

Benzene metha 
nol [9 1) 

Benzene methanol (4 1) 

2nd 

3rd 

4 th 

Ist 

m 

1 3rd 

4th ' 

5th 

1 

200 y estrone 

Kober 

87 

9 

4 

0 

0 

0 

0 

0 

2 

200 “ estnol 

II 

0 

0 

0 

6 

55 

21 

12 

6 

3 

300 '* o-estradiol 

II 

20 

71 

9 

0 

0 


0 

0 

4 

200 “ estrone 

Zimmermann 



3 

11 

0 

0 

0 

0 


200 “ estnol 

David 




H 

73 

12 

6 

5 

5 

200 “ " 

II 




0 

58 

23 

8 

5 


300 “ or-estradiol 

Kober 

18 








6 

200 “ estrone 

Zimmermann 

86 



0 

0 

0 

0 

0 


300 " <e-€stradioI 

1 

Kober 

m 



0 

0 

0 

0 

0 


• The results wtth 75 ml of benzene as developing fluid and with the first 25 ml 
portion of benzene-methanol (9 1) were negative throughout 


Table III 


Recovery of Pure Estrogens from Column of Activated Alumina 


Expen- 

xnent 

No 

Amount of estrogen added (a) 

Color reagent used 

Total estrogen found (&) 

Recovery of 
added estrogen 

m 

(0) 

9 1 tJoalc 

4 1 eluate 




y 

y 

Ptr cent 

1 

200 y estrone 

Kober 

200 

0 

100 

2 

200 “ “ 

(I 

195 

0 

98 

3 

100 “ " 

II 

100 

0 

100 

4 

300 “ ot-estradiol 

II 

295 

0 

98 

5 

200 “ estnol 

II 

0 

160 

80 

6 

300 “ “ 

II 

0 

242 

81 

7 

50 “ estrone 

Zimmermann 

50 

0 

100 


50 “ estnol 

David 

0 

41 

82 

8 

200 " estrone 

Zimmermann 

180 

0 

90 


200 “ estnol 

David 

0 

166 

83 

9 

200 “ estrone 

Zimmermann 

182 

0 

91 


200 “ estnol 

David 

0 

165 

82 

10 

100 “ estrone 

ZimmennaDn 

100 

0 

100 


25 “ estnol 

David 

0 

25 

100 

11 

300 “ oc-estradiol 

Kober 

280 


93 


200 “ estnol 

David 

0 

173 

86 

12 

100 " a-estradiol 

Kober 

OO 


90 


100 “ estnol 

David 

0 

80 

80 
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of estnol appears in the 9 1 eluate This same effectiveness m partitioning 
binary mixtures is Iikev ise demonstrated As to over-all recoverv of added 
estrogens, estrone and a-estradiol are recoverable to the extent of 90 to 
100 per cent and estnol is consistently recovered to the extent of 80 to 85 
per cent Furthei elution ivith 4 1 benzene-methanol mixture reveals 
no detectable amount of estnol elution An additional elution mth a 
much stionger eluent, t e pure absolute ethanol, does elute an additional 
10 per cent of added estnol However, the recovery of 80 to 85 per cent 
IS very consistent except at very low concentration (25 y) and therefore 
should introduce no senous handicap to the usefulness of the procedure 

DISCUSSION 

In order to form a basis for the possible employment of the chromato 
graphic technique for further punfication of unnarj estrogen residues, it 
becomes necessarj to deal vvuth amounts of estrogen most likely to be 
piesent, that is, of the order of 25 to 300 y The detection and estimation 
of this amount of active estrogenic matenal might be accomplished either 
by biologic assays oi by colonmetnc methods In the absence of mactive 
contaminants, the colorimetric method seemed to be the method of choice 

The Kober reagent as modified by Venning ct al (11) produces a highly 
specific pmk color vi ith all three estrogens and because of its sensitivityand 
leproducibihty m our hands has been employed for the percentage distnbu 
tion studies involving single estrogens For those studies mvolving mixtures 
of the estrogens, the David test which is specific for estrol among the three 
estrogens employed and the Zimmermann test which s specific for estrone 
among the estrogens employed vveie also used Liquid chromatograms of 
vanous binary mixtures of the three naturallj occurring estrogens demon 
strated (Table II) that the percentage distribution was essentiallv un- 
affected by the piesence of the second estrogen 

The recovery values listed in Table III are strong evidence that the 
naturally occurnng estrogens can be quantitatively recovered from a 
chromatographic column of activated aluminum oxide and simultaneously 
separated into strongly phenolic (estnol) and weakly phenolic (estrone an 
a-estradiol) fractions The anhydrous aluminum oxide is sufficient y 
inactivated under the conditions employed to render subsequent use off e 
column inadvisable 


SUMIURY 

A study has been made of a numbei of suitable eluents for the crystalline 
estrogens, estrone, estnol, and a-estradiol, after adsorption ™" | 

activated alumina The distribution of the thiee estrogens, bo 
and m mixtures, in a series of solvents havung increasingly powe u 
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actions was investigated Data have been piesented to demonstrate the 
utihty of the hqmd chromatogram m the quantitative separation of the 
strongly phenolic estrogen (estnol) from the weaMy phenohc estrogens 
(estrone and a-estradiol) 
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THE SCHARDINGER ENZYME IN BIOLOGICAL lODINATIONS*- 
Sirs 

The ease of oxidation of iodide ion to free iodine by peroxides, especially 
rapid m the presence of a peroxidase, and the fact that hydrogen peroxide 
may be produced in hxong cells by many flavoprotein systems should make 
some biological systems contammg such flavoprotems with their substrates 
possible sites of biological lodmation 
Mdk, as is well knomi, contains the flavoprotem system xanthine oxidase 
which produces peroxide durmg the dehydrogenation of punnes, and also 
contams a peroxidase and the readily lodizable protem, casein 

Accordmgly, experiments were earned out with unpasteunzed m ilk To 
the milk, from which the cream was poured off, were added small amounts 
of radioactive iodide ion, I**S and a phosphate buffer In vanous expen- 
ments, xanthme, catalase, and thiourea were added as mdicated m the 
table 

After standmg for the specified tunes at 38°, the mixtures were made up 
to 2 ^ xvith respect to NaOH and hydrolyzed for 4 hours at 100° The 
alkahne hydrolysate was extracted with butyl alcohol, and the alcohol 
layer washed with 5 n NaOH The percentage of the total radioactive 
lodme remainmg m the butyl alcohol layer is reported under Fraction A 
The aqueous layer was acidified xvith HiSOi and KI and excess KIOj added 
The lodme was extracted with CCI4 Excess KI followed by excess KIO 5 
was added and the mixture agam extracted with CCI4 The lodme was 
then extracted from the CCh with aqueous sodium thiosulfate The per- 
centage of the total lodme (radioactive) found in this fraction is reported 
under morgame lodme The residual radioactix/ity in the aqueous layer 
after the morgame lodme and Fraction A were removed is reported under 
Fraction B Fractions A and B of course represent orgamcallj’^ bound 
lodme All of the radioactmty measurements were earned out m solution 
m a glass cell surrounding the Geiger counter Several other senes of 
experiments, includmg one senes m which hypoxanthme was employed 
as the substrate, gave results similar to those reported m the table 
The data show that the addition of substrates for the Schardmger enzyme 
to milk, m the presence of radioactix e iodide ion, induces the formation of 

* This investigation was aided by a grant from the Josiah Macy, Jr , Foundation 
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organically bound radioactive iodine Part of the organicallj bound 
iodine, hke thyro\ine, is readily evtractable from the alkahne hydroliTate 
by butyl alcohol The lodmation is inhibited by the addition of thiorea 
Thiourea, it has also been shown, inhibits the lodination of thyroid gland * 
The lodination proceeds in the presence of substantial amounts of a lyophil 
ized horse hver catalase (obtained tlirough the courtesy of Kurt Stem) 
The failure of catalase to inhibit the reaction is not entirely clear The 
explanation may be that the peroxidase present effectively competed with 


3 cc of 0 2 M pliosphate buffer, pH G 65 1 cc of radioactive I”* containing 0 5 t 

of I“, 38° for 45 minutes 5 cc of milk Total volume, 9 cc 


Bescrtptloa 

Per cent total found in 

Fraction A 

Fraction B 

Inorganic 
iodine fraction 

Control 

0 6 

9 

90 


0 G 

9 

90 

0 45 mg xanthine 

15 

42 

43 


16 

43 

41 

0 45 " “ 3 mg catalase 

14 

35 

51 

preparation 

12 

38 

50 

0 45 mg xanthine, 5 mg thiourea 

0 5 

S 

91 


0 5 

9 

90 


the catalase for the small amount of pei oxide Fuithermore, Keilin and 
Hartree have shown that the xanthine oxidase S3’stem is capable of per 
fomung oxidations even in the presence of catalase - 

The formation of oigauically bound iodine by the xanthine ovdase sys- 
tem suggests an important role for the vellow enzjmies in biological lodina- 
tions 

Deparlmenl of Btochcnmlnj Albert S Ivestov 

College of Physicians and Surgeons 
Columbia University 
New York 
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CONCERNING THE MODE OF ACTION OF LIPOXIDASE 

Sirs 

It has recently been suggested by Hummel and MattilP that hpoxidase 
IS an aerobic dehydrogenase Then- suggestion was based on the behavior 
of the enzjnne with certain inhibitors and the observation that 2,6-di- 
chlorophenol mdophenol was reduced more rapidly by crude enzyme plus 
lard ethyl esters than by enzyme alone Previous work m our laboratory 
had led us to believe that hpoxidase could not function as a dehydrogenase, 
since methylene blue was not reduced anaerobically by hpoxidase plus 
eottonseed oil 

To confirm our earlier observation and to test the hypothesis of Hummel 
and Mattill furthei, we earned out experiments with crude soy bean ex- 
tract and punfied hpoxidase 

A solution of 2,6-dichlorophenol mdophenol tieated anaerobically with 
an extract of defatted soy bean meal (40 units of hpoxidase'’) was decol- 
onzed m less than 2 hours The reaction was not enhanced b}’’ ethyl 
Imoleate or lard ethjd esters * This extract, heated 15 mmutes m a boihng 
water bath to destroy hpoxidase activity, bleached the dye anaerobically 
in 5 hours, with oi without fat No regeneration of hpoxidase activity 
occurred dimng this tune A punfied hpoxidase pieparation (1 5 mg of 
protein = 57 umts of hpoxidase) failed to bleach the 2,6-dichlorophenol 
mdophenol even after 48 hours mcubation (At this time, 80 per cent of 
the ongmal enzyme activity w as still present ) 

Modified Thunberg tubes with hollow stoppers were evacuated by water 
pump 60 seconds after bubbhng bad subsided 2 ml of substrate had been 
placed m the tube, 0 4 ml of enzyme solution m the hollow stopper, and 
these were mixed after the tubes were evacuated The substrate consisted 
of 50 ml of H 2 O, 0 6 rag of 2,6-dichlorophenol mdophenol, 0 26 gm of 
sodium acetate, 2 5 ml of | m phosphate buffer (pH 6 5), and 5 ml of ace- 
tone, or acetone contammg 10 mg of fat, as indicated All experiments 
were m dupheate 

We believe that the anaerobic reduction of 2 , 6-dichlorophenol mdophenol 
by crude soy bean extract is mdependent of its hpoxidase actmt}’’ because 
(1) the reaction does not require unsaturated fat, (2) destruction of hpoxi- 
dase m the crude extract did not completely destroy its abihty to reduce 
2,6-dichlorophenol mdophenol, (3) a punfied hpoxidase preparation com- 
parable m activity to the crude extract failed to bleach the dye even after 
48 hours mcubation 

* Hummel, J P , and Mattill, H A , Proc Soc Exp Btol and Med , 65 31 (1944) 

s Balls, A K , Axelrod, B , and lOes, M , J Biol Chem , 149, 491 (1943) 

337 



340 


RUSSELL HBNR'Y CHITTENDEN 


Ivuhne remarJved that he Tvould find a place for me m the laboratory at 
once ” Thus began the relationship to Kuhne as student, assistant, 
coTVOiher, and fnend, which continued until the former’s death more than 
twenty years later On Chittenden’s return to Yale, he undertook with his 
students a research project on the primary cleavage products of proteins 
by digestive enzymes in close cooperation ivith the Heidelberg group, a 
project which continued for eight jmars The interest of the Yale group 
was thus focused early on proteins, on proteolytic enzynnes, and on the 
phy^siology of the gastrointestinal tract, an interest which continued for 
many years Chittenden leceived the degree of Doctor of Philosophy in 
1880, and in 1882 was appointed Professor of Physiological Chemistry in 
the Sheffield Scientific School, a position which he continued to hold until 
he became an ementus professoi in 1922 
The new laboiatory soon attracted students, and by 1885 graduate work 
in physiological chemistry was well under way, a total of eleven papers by 
Chittenden and his students appearing dunng the college year of 1884-85 
From the modest beginning of 1874, the laboratory of physiological chemis 
try of the Sheffield Scientific School developed, a laboratory which, under 
the leadership of Chittenden and his pupil and colleague, Lafayette B 
Mendel, pioneered in the traimng of teachers and investigators m'physvo 
logical chemistry and chemical physiology 
Chittenden’s demonstrated ability m organization and administration 
resulted m his selection as administrative head (director) of the Sheffield 
Scientific School in 1898, a position which he occupied until his retirement 
in 1922 Although the increased burden of administrative duties made it 
necessary for him to relinquish much of his active teachmg and research, 
his mterest was still centered m physiological chemistry, and he continued 
to meet one class in the physiology of nutntion until 1916 

Chittenden’s organization of the work m physiological chemistry v as not 
confined to the Yale group In 1898 he was requested by Columbia 
University to organize a Department of Physiological Chemistry at its 
College of Physicians and Surgeons For five years, he devoted one day 
a week to this work, and, at the end of this penod, the department was 
placed m chaige of his pupil, William J Gies 
Dunng the penod m which the organization of the Yale laboratory was 
his chief concern, the honzons of the biological sciences related to medicine 
were being extended The American Physiological Society 
on December 30, 1887, present at the organization meeting, and a chartc 
member, was Chittenden, who m 1890 was elected a member of the ounc , 

a position m which he seiwed for fifteen consecutive years InWy , 

elected president of the Society and was reelected “ A .jje 

until 1904, a period of mne terms, the longest service m the historj 
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Society In the meantime, biological chemistry had come of age as a 
separate disciphne, so that it seemed wise to organize a national biochemi- 
cal society At the organization meeting held in New York on December 
26, 1906, Chittenden nas among those present and as the leading bio- 
chemist of the country was selected as the first president of the American 
Society of Biological Chemists When in 1933 developments in the field 
of nutrition were such that a new organized group, the American Institute 
of Nutntion, was warranted, Chittenden u as again included m the list of 
charter members 

His interest m the vanous professional societies contmued long after 
his retirement from active umversity life His last participation in the 
meetmgs of the Federation of Amencan Societies for Evperimental Biol- 
ogy was in 1938 at Baltimore, when the semicentennial of the American 
Physiological Society was celebrated Here he v as an honored guest and 
spoke bnefly at the banquet of the American Institute of Nutrition and 
was one of four of the charter members of the Physiological Societj who 
were assembled for the semicentennial celebration 

Chittenden was active in the editorial work of lanous journals With 
Bowditch of Boston and Howell of Baltimore, he represented phjsiology 
m the group of editors of the Journal of Experimental Medicine (1896), 
he was one of the seven members of the Physiological Society vho com- 
prised the first editonal committee of the Amencan Journal of Physiology 
(1898) 

In the critical period at the begmmng of the present centurj’’, when 
the enforcement of the new food and drug legislation u as beset mth diffi- 
culties, the services of Chittenden were placed at the disposal of the Umted 
States Department of Agnculture He was a member of the Referee 
Board of Consultmg Scientific Experts (commonly knovra as the Remsen 
Board) and not only served as a consultant but also in his own laboratory 
personally supervised studies on the influence of vanous food presenm- 
tives on the nutntion and health of man His experiments mth sodium 
benzoate (published as a part of the report of the Referee Board m 1909) 
serve as a model of carefully planned, well conducted, and conservatn^ely 
interpreted research in this field 

Of the researches conducted under Chittenden’s direction, his expen- 
ments on the protem element m human nutntion are of particular in- 
terest They were carried out in a penod m which the dietary standards 
of Carl Voit were accepted mthout senous question These standard 
diets mcluded relatively large amounts of protem (118 gm daily) In 
extensive experiments on subjects which mcluded himself and Ins col- 
leagues, Mendel and Underhill, typical Yale students, and a group of en- 
listed men assigned to New Haven by the Surgeon General of the Umted 
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States Armj', Chittenden was able to prove that good health, physical 
vigor, and nitiogen balance could be maintained on levels of protem in 
take far below those of the Voit standard diet These results, although 
highly controversial at the time of their publication, are non accepted 
with little question 

It is not the purpose of this memorial to present a detailed account of 
the many honors conferred m recognition of the achievements of this 
pioneei n orker in biological chemisti'y He had seen the development of 
physiological chemistry and nutntion in this country for more than sixti 
years His book, “The development of physiological chemistry in the 
United States” (1930), presents these developments as he saw them 
An unpublished manuscript, the work of his later years, awaits publication 
It is concerned iiith the history of the Amencan Society of Biological 
Chemists, in vhose organization he participated and of which he was the 
first president 

Howard B Leris 



ACID CAUDIOLIPIN AND AN IMPROVED METHOD FOR THE 
PREPAIL\TION OF CARDIOLIPIN FROIM BEEF HEART 

Bt MARY C PANGBORN 

{From the Division of Laboratories and Research, New York State Department of 

Health, Albany) 

(Received for publication, January 22, 1944) 

In a pre\noiis report (1) tlie isolation of a neiv phospholipid from beef 
heait was descnbed The name “cardiohpin” uas suggested for this sub- 
stance, which IS of particular interest m connection nith serodiagnostic 
tests for sj'phihs (2) The ongmal method of pieparation was tedious 
and im olved considerable losses An improved and simphfied method is 
here descnbed The development of the nei\ method depended in part 
on a study of the properties of the acid foim of caidiohpin, the preparation 
of which IS now reported for the first tune 

The results of a study of the cleavage products of cardiohpin mil be 
reported latei It should be noted at this time, however, that the ongmal 
report of the presence of a carbohydrate component in the molecule nas in 
error The lesults obtamed nere apparently due to persistent traces of 
carbohydrate impunties 

EXPERIMENTAL 

Preparation and Properties of And Cardiohpin 

It ivas previously noted (1) that attempts to piepare the acid forni of 
cardiohpin by the usual methods neie unsuccessful The difficultj ap- 
peared to be due to partial hydrolysis of the acid dunng the course of 
preparation attempts to leniove excess mineral acid by dialj’sis of acidi- 
fied mixtures or by washing ethei oi petroleum ether solutions mth natcr 
resulted m gradual loss of phosphorus The method finallj emplo 3 'ed 
depends for success on its rapiditj"^ and on the fact that the matenal is 
onK very bnefly exposed to water the sodium chlonde formed in the reac- 
tion IS remov ed by a single partition betv een i\ ater and petroleum ether, 
and excess hydrochloric acid is then remoied by repeated exaporation 
in vacuo with successive additions of alcohol 

To a solution containing 1 gm of sodium cardiohpin in about 100 ml of 
alcohol weie added 10 ml of n HCl, and the mixture vas rapidh concen- 
trated in vacuo to about 20 ml and diluted mth 40 ml of water The 
suspension was exti acted twuce with petroleum ether, no emulsions fomied, 
and the Kj ers separated quicklj' The peti oleum ethei solution w as e\ apo- 
lated to dryness in vacuo, the residue was dissohed in 20 ml of absolute 
alcohol, and the alcoholic solution was rapidlj concentrated to drimess 
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zn vacuo The addition of alcohol and subsequent evaporation to dryness 
were repeated five times Throughout this procedure air was excluded by 
carbon dioxide 

The acid so prepared was a viscous yellowish oil weighing 0 9 gm , 
readily soluble m acetone or alcohol as well as in the other common lipid 
solvents It was not soluble m water In absolute ethyl alcohol it had 
Wf = +5 8° The iodine number was 119 and the apparent molecular 
weight by titration was 726 It contained 4 31 per cent phosphorus, no 
sodium or chlorine was detected An alcoholic solution of the acid gave 
only traces of gummy precipitates intli cadmium chloride, banum chlonde, 
or calcium chlonde 

A sample of the acid which had been neutralized with potassium hy 
droxide on the same day that it was prepared was indistinguishable in 
serologic activity from the ongmal sodium salt However, another 
sample of the acid which had been dissolved m absolute alcohol and kept 
m the refrigerator 3 days before being tested was found to have suffered 
a slight but significant loss in serologic activity The change was irre- 
versible the activity was not restored by neutralization This observa- 
tion indicated that the instability of the acid was not merely a matter of 
susceptibility to hydrolysis 

A solution of the acid m absolute alcohol was stored at 3-6®, protected 
fiom light At intervals the optical rotation was redetermined, at the 
end of 3 weeks it had dropped to -1-3 3® No further change in rotation 
was detected after another week of storage in the icfngerator At this 
time the complement-fixing activity was very weaic The acidity of the 
solution, determined by titration with alcoholic KOH, was unchanged, as 
was also the iodine number The solution, still protected from light, vas 
then transferred to room temperature, about 25° There was a further 
fall m optical activity, after 4 weeks at room temperature the specific 
rotation was less than -f-O 6® At this tune no serologic aetivit}'^ could be 
detected The acidity of the solution had increased slightly', the apparent 
molecular weight by titration was 650 

It was noted above that when acid cardiolipm was rapidly prepared and 
then immediately neutralized the regenerated salt, obtamed witlun 4 
or 5 hours after the beginning of the expenmcnt, had not undergone any 
detectable change as compared with the ongmal material It is 
possible, with proper precautions, to make practical use of the solu 1 1 J 
of the acid in acetone m order to improve one of the steps in the preparation 
of cardiolipm, as descnbed below' 

New Method for Preparahon of Cardiolipm 

Three major changes have been introduced (1) Methyl alcohol is sub 
stituted for ethyl alcohol in the extraction of the lipids from e i < 
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because it is a better solvent for cardiolipin than is ethyl alcohol and be- 
cause it IS also a good solvent for BaClj (2) The active fraction is pre- 
cipitated from the crude extract with BaClj instead of CdClj This elimi- 
nates the necessity for further fractionation to remove lecithin, which 
remains in the filtrate from the BaCU precipitation Similar results have 
been obtamed by precipitation with CaClj but the yields were not qmte 
so good as those with the BaClj method (3) Cardiohpm is separated 
from the alcohol-insoluble “cephahn” fraction by converting the mixture 
of phospholipid salts to the correspondmg acids and fractionatmg the mixed 
acids with acetone This is a much more rapid and efficient method than 
the ongmal one, which depended on precipitatmg the cephahn from 
methyl alcohol solution ivith NaCl (1) 

The entire preparation has also been greatly simplified by the finding 
that the vanous salts of cardiohpm may be quantitatively converted to 
the sodium salt by simply shaking their ethei solutions with a strong 
solution of sodium chlonde 

Extraction — The preparation of the tissue and prelimmary extraction 
with acetone are earned out as pieviously desenbed (1) After the second 
acetone extraction the tissue is dned before a fan and ground to a fine 
powder Companson of results obtamed with and without drying of the 
tissue has indicated that this step does not cause appreciable oxidation of 
the hpids, provided it is earned through rapidly and the tissue powder 
reextracted immediately 

The dned tissue powde is treated with 2 litem of methyl alcohol 
(u s p , 95 per cent) for each 300 gm and allowed to stand 5 days at room 
temperature with frequent shakmg At least two such extractions should 
be made, and the yield can be somewhat mcreased by a third and even a 
fourth extraction In one preparation, when the tissue was extracted 
four times, it was found that about 75 per cent of the total yield of cardio- 
lipin was obtained from the first two extracts 

Precipitation of Active Fraction — ^To the methyl alcoholic extracts a 20 
per cent aqueous solution of BaCl 2 is added until no further precipitate 
forms and the mixture is then allowed to stand oiemight or longer at 
3-6° The precipitate is collected by centrifugation and washed at least 
twice with methyl alcohol, then once or twice with acetone The n ashed 
precipitate is dissolved in ether and the ether solution is vigorously shaken 
for 5 minutes with about one-fourth its volume of one-half saturated NaCl 
Emulsions form but are readily broken by the addition of alcohol The 
aqueous layer is separated and discarded and the ethereal solution shaken 
twice more with NaCl in the same manner, then dned on anhydrous sodium 
sulfate 

Preliminary Purification — The ethereal solution is filtered, concentrated 
to small volume by distillation, poured into about 10 lolumes of absolute 
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alcohol, and the precipitate once more dissolved in ether and precipitated 
by pouring the ether solution into absolute alcohol The precipitate is 
then treated mth methyl alcohol (cp, absolute) The methji alcohol 
insoluble portion is dissolved in ether and the solution poured into about 8 
volumes of methjI alcohol The resulting precipitate is separated and the 
supernatant added to the first methjd alcohol solution There is no appre 
ctable loss of cardiohpm into the fraction insoluble in methyl alcohol, nhich 
consists largely of barium salts not decomposed by the KaCI treatment 

This procedure jnelds tvo fractions nhich contain cardiohpm Fraction 
Et, soluble in eth 3 1 alcohol, and Fraction Me, soluble in methj 1 alcohol 
On account of the difference in the character of the accompanjmg impun- 
ties in these two solutions, they are fractionated separately' 

Fraction El — The ether is removed bj' distillation m vacuo and the solu 
tion is further concentrated if necessary until the solid content is at least 5 
mg per ml If anj piecipitate separates dunng the concentration, it is 
added to Fraction Me 

To the etlijl alcohol solution is added one-fifth its volume of distilled 
n ater and the dilute alcoholic solution is then treated vnth about 1 ml of 
20 per cent aqueous BaCU per 100 ml The mixture is allov ed to stand at 
3-6“ overnight The piecipitate is collected by centrifugation and cashed 
once mth methyl alcohol and once mth acetone The precipitate first 
separates as a gum, but on u ashing u ith the nnliydrous soh ents it is readilj 
reduced to a solid powder, which is then “dissolved” in a minima! amount of 
ether 

The ether solution obtained at this point should be a stiff gel The 
formation of a gel in ethei is characteristic of the pure ba/ium salt of cardio- 
hpm, and the appeal ance of the ether solutions in early stages of punfica- 
tion IS therefore a \ aluable guide to the nature of the mavture m hand, 
gel formation indicates that the mixed barium salts contam a large propor- 
tion of cardiohpm Ulien such gels are encountered, no attempt should 
be made to dissolve them by fui ther dilution with ether The concentrated 
ether gel is simply homogenized as complcteh as possible and an equa 
r olume of acetone is added in small portions with stirnng This flocculates 
the banum salt, u hile colored impunties remain in the ether-acetone su 
pernatant The process is repeated until the supernatant is colorless or 
nearly so The precipitate is then dissoh ed in a little chloroform to i\ c i 
a few drops of uatei aie added, when fairly' pure, the banum salt does no 
dissolve readily in dri chloroform To the solution in wet chloro orm, 

\ olumes of 95 per cent alcohol are added and the mixture is chille m iM 
If the precipitated barium salt tends to be colloidal, it may be flocc a 
by the addition of a few drops of one-half saturated NaCl an ^5°^ 

shaking The banum salt so punfied IS dissoh ed in wet ethei an re 
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^ erted to the sodium salt by shakmg with one-half saturated NaCl as be- 
fore 

Fraction Me — ^Attempts to fractionate vanous salts of this mixture have 
been unsuccessful In the acid form, however, the mixture is readilj'' 
separated, since the most troublesome impurities remam insoluble in ace- 
tone after treatment with acids If the separation is earned out rapidly, 
no chemical or serologic difference can be detected between the portion of 
cardiohpm prepared by acid treatment and that prepared from Fraction 
Et inth no reagents other than neutral salts 

Fraction Me is acidified by the procedure desenbed above for the prepara- 
tion of acid cardiohpm The residue obtamed after evaporation with alco- 
hol IS immediately treated vith from 10 to 15 ml of acetone per gm and 
the nuxture warmed m a watei bath at about 50°, vhen a portion of the 
lesidue readily dissolves The mixtuie is cooled in ice, the supernatant 
lapidly decanted, and the insoluble portion reextracted several times with 
acetone m the same mannei The acetone solution, contaming acid car- 
diohpm, together with some impunties, is concentrated to a small volume 
in vacuo and diluted inth about 10 volumes of 95 per cent alcohol, and the 
solution is neutrahzed to phenolphthalein vith saturated aqueous banum 
hydroxide All steps of the process from the onginal acidification of 
Fiaction !Me through the neutralization with Ba(OH )2 must be completed 
on the same day, so that the time during which the cardiohpm fraction is 
kept m the acid form is held to a minimum The precipitated banum 
salt, collected after refngeration overmght, is punfied m exactly the same 
manner as that obtamed from Fraction Et, and the tivo lots of sodium 
caidiolipm, from Fraction Et and Fraction Me, are combined and dissolved 
m ethyl alcohol 

Final Punficalion — ^Although the matenal recovered from the banum 
salts IS very nearly pure cardiohpm, it still retains small amounts of colored 
impurities and may also contain a trace of nitrogen For final punfication 
the ethyl alcoholic solution is precipitated with CdCh and the Cd salt is 
lepiecipitated once from benzene by ethjl acetate as desenbed in the 
oiiginal method (1) This procedure gives a purer product than can be 
obtamed by repeated reprecipitations of the onginal banum salt The 
punfied Cd salt is finalb lecon verted to the sodium salt b-\ shaking its 
ether solution with one-lnlf saturated NaCl, as described foi the banum 
salt 

The yield of sodium cardiohpm from beef heart bj this method is about 3 
gm per kilo of dry tissue pon der, or 0 6 gm per kilo of moist tissue, as 
compared with 0 4 gm obtamed b\ the onginal method (1) For storage 
the compound should be dissoh ed m etM 1 or methj 1 alcohol and kept m a 
lefiigerator, protected from light 
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DISCDSSIOK 

From the observed mstabdity of acid cardiolipm and its failure to 3ael(l 
solid precipitates with CdCU, CaCk, or BaCli, it may be concluded that the 
compound as it occurs in crude beef heart extracts is m the form of a salt 
rather than the free acid The serologic activity of such extracts is stable 
for long periods of tune, and the cardiohpm present in them is readily 
precipitable by the salts named The composition of the cardiohpm salt 
originally present is not ye* known, but from the observed solubihtj in 
alcohol it seems probable that it is either a sodium or a potassium salt 
This question obviously cannot be settled until some method is available 
for isolating the substance without recourse to precipitation by metallic 
salts As was mentioned above, there appears to be no difference in sero- 
logic activity between the sodium and potassium salts of cardiohpm 

The nature of the spontaneous alteration of the acid cardiohpm molecule 
is not known but the increase in acidity and the complete loss of serologic 
activity suggest that it is not a simple racemization If only one of the 
optical antipodes is biologically active, as is so often the case, one might 
expect that the dl form would retain half the serologic activity of the ongi 
nal substance 

In contrast to the instability of the acid, it may be mentioned that 
samples of the pure sodium salt have been kept for penods up to 18 months 
with no evidence of detenoration 

SUMMARY 

An improved method for the preparation of cardiohpm is descnbed, de- 
pendmg on precipitation by BaClj from methyl alcohol extracts of tissue 
and punfication successively over the banum and cadnuum salts 

The preparation and properties of acid cardiohpm are descnbed 
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(Received for publication, February 3, 1944) 

Pievious experiments (1-3) have shonm that following h 5 'pophysectomy 
the serum globuhn concentration of dogs and rats mcreases and at the same 
time the serum albumm level falls In the above studies serum albumms 
and globulms nere separated by salt fractionation (4) With the aim of 
checking our earher results and of obtammg more detailed information 
regarding the changes m serum protem after hypophysectomy, we have 
made electrophoretic as well as chemical anal 3 ises of the sera of intact and 
hi'pophysectomized rats In agreement nith the observations of Jameson 
and Alvarez-Tostado (5) we find but tno electrophoretic globuhn fractions 
(usually designated as /3- and y-globulm) in the serum of normal rats 
The third globulin component, usually designated as a-globulm and found 
in the sera of most species ((6-9), and others), is absent or, if present, occurs 
in ^ ery low concentration After h\-poph 5 'sectomj’’, however, the a-globuhn 
fraction appears along with the two other globuhn components and is m 
pait responsible for the postoperative increase in serum globulin level 
Some of the quantitative electrophoretic and chemical data obtamed from 
the sera of mtact and hypophysectomized rats are reported m the present 
communication 


EXPERniENTAL 

Male rats of the Long-Evans strain, raamtamed on a diet adequate for 
normal growth and reproduction (3), uere used H 3 ’pophysectomy was 
performed when the animals uere 3 to 4 months old 3 veeks post- 
operatively the hypophysectomized ammals as u ell as the normal controls 
veie anesthetized ivith intraperitoneal sodium amjdal, the thorax opened, 
and the animals bled bv direct cardiac puncture After the blood had 
clotted, the serum uas collected and used for the anal 3 dical studies 

Electrophoretic analyses nere made in a Tisehus apparatus haxmg a tall, 
single sectioned micro cell of 2 ml capacit 3 (10) Each serum sample u as 
diluted With 3 i olumes of 0 02 xr sodium phosphate buffer (pH 7 4) con- 

• Aided by a grant, administered bj Dr P E Smith, from the Rockefeller Founda- 
tion 
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taming 0 15 m NaCl and Mas then dialyzed against 1 hter of the same 
buffer, which Mas also used to fill the electrode vessels of the apparatus 
Chenucal fractionation of the serum proteins Mas earned out by the 
method of Campbell and Hanna (4) Mhich depends on precipitation of tlie 
globulins by 20 per cent sodium sulfite The total mtrogen of the resulting 
filtrate and of diluted serum Mas determined by the micro-Kjeldahl pro- 
cedure After correction for non-protem mtrogen, the mtrogen values 
Mere comerted to protein by bemg multiplied by 6 25 Globulin con- 
centration Mas calculated as the difference betMeen total piotein and 
albumin concentrations 

Results 

The data obtamed by the electrophoretic and chemical methods are 
given in Table I The electrophoretic composition is given in arbitrary 
umts denved from the pattern ai eas The areas f or y-globulin also contain 
that due to the «- or salt boundaiy 

As may be seen, both the electrophoretic and chenucal data confirm 
previous reports (1-3) that after hj^pophisectomy the albuimn level falls 
while that of total globulm nses, resulting in a considerable decrease in the 
ratio of albumm to globulm It Mill be noted that the electrophoretic 
values for the albunun-globulm ratio are consistently higher than those 
obtamed by chemical fractionation This may be due to precipitation of a 
portion of the albumm along Mith the globulins by the salt fractionation 
The electrophoretic data (Table I and Fig 1) clearly sjom the absence 
of the a-globuhn fraction fiom the sera of the normal rata In only three 
of the fourteen serum samples denved from normal rr+s Mas there any 
mdication of a-globulm and m two of these three the concentration of this 
component M'as veiy low 

Followmg hypophysectomy, a-globuhn iias found (Table I and Fig 2) 
m all but one of the sera exaimned It is also of some mterest that in these 
sera the 7-globulm concentration Mas also somenhat higher, uhereas the 
level of /3-globulm mbs loner than m the seia fiom normal rats 
It has been reported (11) that certain seia, nhen evammed at alkahne 
pH, show two components (designated aj and 02) betM'’een the albumin and 
/3-globulm peaks A few electrophoietic analvses were, therefoie, made at 
higher pH values and m different buffei solutions from those used for the 
experiments discussed abov e The buffere used as m ell as the pattern area-) 
and mobihties are given in Table II The ti'pe of pattern obtained in 
sodium diethylbarbiturate buffer at pH 8 5 is illiistiated in Fig 3 In t le 
present studies, normal rat serum at pH 8 5 shoMs one veil define « 
globulm component and an indication of a second LongsM orth has s own 
(11) that the component of higher mobilitv fm) is included mth the albumin 
\ at lower pH values 
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Table I 

Electrophoretic and Salt Fractionation of Serum Proteins of Intact and 
Hijpophyseetomizcd Rats 




The averages do not include values for the pooled samples 

* Expressed m arbitrary units derived from descending pattern areas Buffer, 
0 02 M sodium phosphate + 0 15 M NaCl, pH 7 4 

t Mobilities, derived from descending patterns, are expressed as sq cm per sec 
ond per volt X 10‘ 
t Nine rats, pooled 

I Three rats, pooled 

II Eight rats, pooled 
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Fiq 1 FlO 2 

Fig I Typical electrophoresis pattern (Longsworth scanning method) of norm'll 
rat serum Left, ascending, right, descending pattern Buffer, 0 02 m sodium phos 
phate + 0 15 M NaCl at pH 7 4 Field strength, 4 2 volts per cm Time, 3 hours 
Fig 2 Typical electrophoresis pattern of serum from a rat 21 dajs after hypo 
phjsectomy Left, ascending, right, descending pattern Buffer, 0 02 m sodium 
phosphate + 0 15 m NaCl at pH 7 4 



Fig 3 Electrophoresis pattern of normal rat serum Lc’t, ascending, right, 
descending pattern Buffer, 0 1 n sodium diethyl barbiturak + 0 02 n barbituno 
acid at pH 8 5 
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The leaton foi the presence oi absence' of a-globulin in serum is not 
known In liumms its concentiation is sometmies elevated in febnle 
diseases (8) The possibility, therefoie, e\ists that the appearance of this 
globulin component aftei hypophysectomy is associated mth undiagnosed 
infections 

A more likely possibihty is suggested by the demonstration (1, 2) that 
thjioid msufficiencj is associated mth mci eased senim globulm which 
can be 1 etumed to noi mal by thyi oid medication It is thus pi obable that 
the thyioid insufficiency following removal of the pituitary gland is re- 
sponsible for the appeal ance of the a-globulm in the serum Expeiaments 
designed to test tins possibility aie in piogiess 

The authois nish to acknowledge the tecluucal assistance of Miss Helen 
Sikor^ki and !Miss Doiotly Wangenn 

SUMMARY 

Sera from hypophysectoiiiized and fiom intact, presumably normal, 
rats have been analyzed by electrophoretic and by salt fractionation 
methods The ratios of seium albumm to globulin as determined by the 
two methods are quite similai and confirm the earher finding that hy- 
pophysectomy results in a decreased albumm-globuhn ratio 

Seium from normal lats quite consistently appeal's to differ from that of 
other species in that it lacks the electrophoietic a-globulm component but 
this component is present in the seia of hyrpophysectomized rats Possible 
reasons foi this difference aie discussed 
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Adenylpyrophosphatase is an enzyme which catalyzes the hberation of 
acid-labile phosphate from adenyl pyrophosphate * The enzyme has been 
found in a large numbei of animal tissues, in yeast, and in certam plant 
tissues Lohmann (1) found adenylp 3 a‘ophosphatase in muscle, and Ja- 
cobsen (2) showed that the enzyme is specific and not identical with mor- 
ganic pyrophosphatase A one-step dephosphorylation of adenosme 
tnphosphate was first observed by Lohmann (3) He found that if the 
water-msoluble residue of lobster muscle is washed several tunes with water 
and then incubated with adenosine tnphosphate only the third, terminal 
phosphate is liberated This observation made it possible to isolate adeno- 
sme diphosphate Engelhardt and Ljubimova ( 4 ) descnbed recently the 
occurrence of adenylpyrophosphatase in the myosm fraction from rabbit 
muscle, and Ljubunova and Pevsner (5) found that myosin after a number 
of reprecipitations catalyzes the hydrolysis of only the termmal phosphate 
from adenosme tnphosphate, leavmg adenosme diphosphate as the end- 
product Iflemzeller (6) found that muscle extracts liberate only the 
terminal phosphate from inosine tnphosphate Colowick and Kalckar 
(7) observed a one-step transphosphorylation of he\ose by adenosine tn- 
phosphate, catalyzed by yeast hexokmase 
In a previous article (8) a reaction, termed phosphate dismutation, has 
been descnbed This reaction , which is catalyzed by the acid-stable muscle 
enzyme, myokmase, is a reversible transfer of labile phosphate from 1 
molecule of adenosine diphosphate to another according to the equation 

2 adenosme diphosphate 5 =^ 1 adenosme monophosphate -h 1 adenosme triphosphate 

Smce myokmase regenerates adenosine tnphosphate from diphosphate, 
addition of this enzyme to water-insoluble muscle protems which spht only 
one labile phosphate from the tnphosphates should bnng about the sphttmg 
of the second labile phosphate The data to be presented in this paper 

* This work was supported by a grant from the Rockefeller Foundation 
t Present address, Department of Nutrition and Physiology, the Pubhc Health 
Research Institute of the City of New York 

1 In this paper adenyl pyrophosphate is used as a common term for adenosme Iri- 
and diphosphate 


355 



356 


\DEN^LP1R0PH0SPH\TA.SE VND AtlOKTS VSE 


show that a rapid splitting of the second labile phosphate of adeno=me 
tnphosphate bj^ a solution of mjosin or a suspension of muscle residue 
actually can be accomphshed if myokinase is added to such enzj me s\ stems 
Liver extract and protein preparations from potato contain adenilpno- 
phosphatases winch cataljze the depliosphorjdation of adenosine diphos 
phate as w ell as triphosphate, although these sj stems are free of m\ okiiiase 
Howrever, the sphtting of phosphate from the triphosphon lated compound 
is faster than from the dipho&phoi3lated compound Moreoier, studies 
of these enzjmie systems indicate that adenosine tri- and diphosphates, as 
w'ell as inosme tri- and diphosphates, are split bi’' a common eiiziane 
which merelj exliibits a greater specificity towards the tnphosphorvlated 
nucleoside Hexokmase f i om bakei-s’ 3'east presents a strict specificit3 
towards tnphosphorylated nucleoside (7) 

Methods 

Phosphate deteiminations were carried out according to the method of 
Fiske and Siibbarow (9) pH deteimmations weie earned out inth the 
Beckman glass electrode pH meter 

Adenosine tii- and diphosphates wcie separated according to theniethods 
described in a previous paper (8) 

Analysis of Adenosine Tnphosphate — The ratio Ptoui Nioui was 128, 
calculated, 133, Piab,u PtotJi was 0 65, calculated, 0 67 Inosme tn- 
phosphate was prepared according to Lohmann (10) On analysis the 
product ga\e the ratio Ptoui Ntoui, 1 58, calculated, 1 66, Pubiie Ptoui, 
0 66, calculated, 0 67 When the mosme tnphosphate was added to 013- 
osin, 50 pel cent of the labile P was libeiated as inorgan.c orthophosphate 
Adenylpyrophosphatasc from MtiscJe Lohmann’s Method (Cf (5)) 
Lobster muscle w as minced and washed five tunes ’■•nth 0 4 per cent KCl 
and finally suspended in 1 eronal buffei at pH 7 5 About 1 ml of sus- 
pension was incubated wath adenosine tnphosphate 

LjiibMOva and Engclhardl’s Method — ^Mxosm was prepared according to 
Greenstem and Edsall (11) 50 gm of rabbit muscle were extracted with 

0 5 Ai KCI contaimng 0 03 m bicaibonate and precipitated by diah’sis 
against HjO, or by dilution wath 20 volumes of H.O The precipitate was 
washed tvace with watei, redissolvcd in 2 5 pei cent KCl contaimng 005 
per cent NaHCOj, and again precipitated b3 dial3’sis or dilution Bai 3 
(12) has recommended Sorensen’s gh cine buffer (13), because it protecs 
m30sm agamst the action of heai3 metals, ghcine buffer was, there ore, 
used in a number of the expenments presented in this paper n ac 
cordance with the findings of Bail3’', a pH of about 9 was used an ca 
cium cliloride was added to the system , 

An isoeleclnc piectptlaie was obtained fiom water exdracts of mus 
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acidifjing to pH C The piecipitate foimed was centnfuged, -washed four 
to five times with -water, and redissolved in 1 pei cent KCl at pH 9 
AdcnylpyrophospJiatase from Live) — ^Livei extract was prepared by ex- 
tracting minced livei inth 2 volumes of water and subsequently dialyzmg 
against 0 4 per cent KCl 

Adenylpyrophosphaiaso from Potato — Potato adenylpyi ophosphatase 
has been obtained as a piotein of veiy high catalytic activity Bergei, 
Colow ick, and Slcm’ recentty found that water extracts of potatoes contam 
a highly active adenylpj i ophosphatase which lemains m solution after 
most of the othei proteins have been precipitated by adding ammonium 
sulfate to about 60 pei cent of satuiation The adenylpyrophosphatase in 
the supernatant fliud was precipitated by evapoiating the solution until 
full saturation with ammonium sulfate was leached The protein precip- 
itate was collected on filter papei, redissolved in a small volume of water, 
and dialyzed against watei in order to remove ammonium sulfate The 
enz-wne solution still contained considerable amounts of a dark brown pig- 
ment which was present in all the w'atei extracts of potato 

Fiactionation ivath ammonium sulfate 3nelds an enzyme of high catalytic 
actmty, 1 7 of protem per ml splits about 5 to 6 7 of P from adenosme 
triphosphate containmg 40 7 of terminal P m 5 minutes at 30® at pH 6 5, 
which IS the pH optimum Calcium, which is a necessary component of 
the sj’stem (cf Table VII), was added in amounts of 0 5 mg of CaClj per 
ml The test clescubed here will be referred to as the standard test 

Aluminum hydro-ude adsorbs a good deal of the pigment,’ leaving the 
enzjTne in the supeinatant fluid 48 ml of potato enz3'me were acidified 
to pH 6 and 2 4 ml of aluminum hydroxide C7 suspension (14) were added 
The mi-xture was centnfuged and the precipitate was discarded The total 
amount of protein in solution decieased from 175 mg to 115 mg , the 
catalytic activity increased from 5 7 of P to 7 7 of P pei microgram of pro- 
tein in the standard test 

Fiactionation with ethanol at pH 5 5 accomplished some purification, 
but wath a considei able sacrifice of total activity 50 ml of the aluminum 

Berger, L , Colow ick, S P , and Slem, iVI , unpublished observations 
’If the difference between the amount of pigment before and after aluminum 
hjdroMde adsorption is great, the comparison of the activities per mg of protein 
(biuret) becomes less accurate This is due to the fact that a small amount of the 
pigment remains in the supernatant fluid of the copper hydi oxide, increasing the read 
mgs of the biuret color distiiictlj Thus the increase in catalj tic activitj after ad 
sorption on aluminum hydroxide (from 5 y of P to 7 7 of P per mg of protein per 5 
minutes) may be smaller, owang to the difference in the quality of the biuret color 
However, the loss in protein is correspondingly smalli'r The alcohol fractionation 
does not give rise to any changes in the amount of pigment and the actixaty xalues 
are, therefore, always directly comparable 
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hydroxide-treated enzyme solution were acidified to pH 5 5 with acetate 
buffer and cooled to 0° 12 6 ml of ethanol were added and the mixture 

containing about 20 per cent alcohol was centnfuged at a low temperature 
The precipitate which contains denatured proteins was discarded An 
additional 12 5 ml of ethanol were added to the supernatant fluid, raising 
the alcohol concentration to 33 per cent The precipitate obtamed at this 
alcohol concentration contained the most active adenylpyrophosphatase 
The precipitate was readily and completely dissolved in a small volume of 
water The solution was dialyzed against 0 4 per cent KCl m order to 
remove traces of alcohol The fraction contained about one-fifth of the 
protein of the original fraction, and split 9 y of P per microgram of protein 
in the standard test 


Results 

Muscle Adenosmelnpliosphatase — The enzyme from skeletal muscle 
seems to be specific for adenosine triphosphate The dephosphorjlation 
of adenosine diphosphate involves the catalytic action of myokinase This 
npplies to myosin and lobster muscle suspensions ns w ell as to the woelectnc 
precipitate from muscle extract (see Tables I to III) 

The slight hydrolysis of adenosine diphosphate without added mjokinase 
IS presumably due to traces of myokinase present in this preparation The 
rate of phosphate liberation in the presence of both adenosine tn- and 
diphosphate is lower than in the sample incubated with adenosine tri- 
phosphate alone (Table IV) The inhibitory effect of adenosine diphos- 
phate IS probably due to a competition xvith the active substrate, adenosine 
triphosphate, for the enzyme In view of these findings there seems to be 
no need for assuming the existence of a specific adenosmediphos 
phatase (12) 

ICleinzeller (0) reported recently that inosine tnphosphate, obtained by 
chemical deamination of adenosine tnphosphate, is dephosphorylated in 
the presence of myosin 3 to 5 times more rapidly than adenosine tn 
phosphate Ordinary muscle extract, howexei, was found to dephos 
phorylate the tw o nucleotides at about the same rate 
In the present studies, the adenosine tnphosphate obtained in the usual 
ivay Avas subjected to a number of additional baiium precipitations in 50 
per cent alcohol and 0 1 n hydrochlonc acid (6) These additional banum 
precipitations correspond to those employed when inosine tnphosphate is 
freed from traces of nitrate and urea It appears fiom Table V that t e 
adenosine tnphosphate is split at a somewhat slower rate than inosine 
tnphosphate, but the difference in the rates of dephosphorylation is sma er 
than that reported bj IHeinzeller (see Table V) 

The significance of these observations will be discussed later 



H M KALCKAR 


359 


Table I 

Necessity of Myokinase for Dcphosphorylatwn of Adenosine Diphosphate by Washed 

Lobster Mttscle 

20 gm of lobster muscle ^^ere washed five times with 0 5 per cent KCl and sus- 
pended in 200 ml of 0 03 si veronal buffer at pH 7 5 2 ml of reaction mixture con- 
tained 1 ml of suspension, 1 mg of MgCl , 2 mg of glutathione, 20 v of myokinase, 
and one of the follomng substrates (a) adenosine triphosphate (ATP) (80 y of 
labile P) or 200 7 of pentose, (6) adenosine diphosphate (ADP) (70 7 of labile P) or 
350 7 of pentose The mixtures w ere incubated for 10 minutes at 20° at pH 7 5 



P 

P split 


1 

7 

7 

ATP, initial 

24 


“ incubated 

51 

26 

“ “ with myokinase 

84 

60 

ADP, initial 

10 


“ incubated 

28 

9 

“ “ wath myokinase 

66 

45 


Table II 

Necessity of Myokinase for Dephosphorylation of Adenosine Diphosphate by Myosin 
Mjosin (from rabbit) precipitated three times by dialysis against water and sus- 
pended m 1 per cent KCl containing 0 02 m sodium bicarbonate, 1 ml per sample 
Magnesium chloride, 0 5 mg , myokinase (Fraction 2), 10 7 -1- 2 mg of glutathione 
(pH 8) , ADP (50 7 of labile P) , incubated for 10 minutes at 25° 



P liberated 


7 

ADP 

4 5 

“ + myokinase 

25 0 


Table III 

Necessity of Myokinase for Dephosphorylation of Adenosine Diphosphate by 
Precipitate from Muscle Extract 

Muscle extract (water extract) was adjusted to pH 6 and the precipitate formed 
w as w ashed four times w ith w ater and suspended in 0 5 per cent KCl , 0 5 ml per 
sample Substrates, ATP and ADP (corresponding to SO 7 of labile P), magnesium 
chloride, 0 5 mg , myokipase, 20 7 -h 2 mg of glutathione (pH 8 0), incubated for 10 
minutes at 30° 




P spilt 

ATP 


7 

33 0 

ADP 


2 3 

“ -h myokinase 


11 0 
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Liver Adenylpyrophosphalase— Liver evtracts liberate phosphate from 
adenosine di- as well as triphosphate Since liver tissue and extract are 
free of myokinase, the dephosphorylation of adenosine diphosphate must be 
attnbuted to a direct dephosphorylation It seems most likely that the 
dephosphorylation of adenosine tn- and diphosphate is due to one and the 
same enzyme 


Table IV 

Inhibition of Muscle Adcnostnetnphosphalase by Adenosine Diphosphate 
Myosm reprecipitated twice, 1 2 mg of protein per sample Substrates, ATP 
(165 y of labile P), pH 7 5, ADP (175 y of labile P), pH 7 5, glycine buffer, 01 m, 
pH 9, CaCl , 0 5 mg , incubated for 10 minutes at 30° 


ATP 

ADP 

ATP + ADP 


Psph 


190 

40 

145 


Table V 

Dephosphorylation of Adenosine and Inosine Triphosphate by Myosin Solution 
^ Myosin (from rabbit) reprecipitated twice, redissolved in 2 5 per cent NaCl 
2 ml of this solution (i e 1 5 mg of protein) were added to each sample The pH 
was adjusted bj adding 1 ml of 0 1 m glycine buffer, pH 8 S or 9 4 CaCI , 0 5 mg , 
was added to all samples The substrates, (ATP)* and inosine triphosphate (ITP), 
were incubated with the enzyme for 3 minutes at 30° 


Substrate 

Labile P m substrate 

pH of miTttire 

P liberated 


T 


7 

ATP 

230 

8 5 

31 4 

ITP 

230 

8 5 

54 6 

ATP 

230 

9 3 

64 0 

ITP 

230 

9 3 

84 0 

ATP 

no 

9 2 

36 0 

ITP 

no 

9 2 

48 0 


* The ATP was subjected to three additional precipitations with barium andalco 
hoi in 0 1 M HCl in aiialogj with the reprecipitation of the ITP 


The inhibition of adenosinetriphosphatase by adenosine diphosphate 
has also been observed m liver extracts (Table VI) The triphosphate 
compound is split at a late about twice that of the diphosphate The rate 
of sphttmg in the presence of both substiates is very nearly the average o 
the rates with the tivo substiates individually 

Potato Adenylpyrophosphalase — The different methods of preparation o 
adenylpyrophosphatase fiom potato and from muscle suggest that tie wo 
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enzymes have different chemical properties Both enzymes require the 
presence of calcium ions (12) In the absence of calcium ions, the activity 
of the potato enzyme is less than half of that found in the presence of cal- 
cium (see Table VTI) Otherwise, the enzymatic properties of the two 
adenylpyrophosphatases differ considerably Thus, vhereas the muscle 
enzyme has a very alkaline pH optimum (12), the potato enzj-me has a 
rather acid pH optimum, around pH 6 5 In Fig 1 the enzyme actmt}"^ 
(ordinate) is plotted against pH (abscissa) 

Table VI 

Inhibition of Liver Adenosinelrtphosphatase by Adenosine Diphosphate 
EnzjTne, dialyzed liver e\tract, 0 2 ml per sample, substrates, ATP (110 y of 
labile P), pH 7 97, ADP (140 -y of labile P), pH 7 97, buffer, 0 05 At borate (pH 7 82), 
MgCli, 0 3 mg , incubated for 7 minutes at 28° Po directly determined P, P.o after 
10 minutes hydrolysis at 100° 



Pb 

PlD 

P spill 


MM 


y 

ATP, initial sample i 


■■ 


ADP, “ “ 




ATP -f ADP, initial sample 

15 3 

HfH 


“ incubated sample 

31 0 

m^m 

16 6 

ADP, “ “ 

A.TP + \DP, incubated sample 

18 7 


0 4 

29 0 


13 7 


Table VII 

Stimulation of Potato Adenylpyrophosphatase by Calcium Ions 
Enzyme, potato adenylpyrophosphatase (6 y of protein), substrate, \TP (90 
y of labile P, 45 -r of terminal P), buffer, 0 1 M sodium succinate, pH 6 5, incubated 
tor 5 minutes at 30° 



P Split 


y 

Without CaCli 

14 0 

W'lth CaClj (0 4 mg ) 

31 5 


The potato enzjnne ts an adenosinediphosphatase as well as a triphos- 
phatase, although the triphosphoi j lated compound is split someuhat faster 
thin the diphosphorylated when the compounds are added in equimolar 
amounts The rate of splitting in the presence of both compounds is very 
nearly the average of the lates of splitting in the presence of tn- or diphos- 
phate separately (see Table ITII) This inhibitory effect of adenosine 
diphosphate upon the dephosphorylation of tnphosphate has already been 
mentioned in connection ivith muscle and liver adeny Ipi rophosphatase 
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and has been interpreted as a competition effect If adenosine diphos- 
phate IS added in twice the molar concentration of that of tnphosphate 
(Table IX) the rates of sphttmg of the two nucleotides are very nearly the 



Fig 1 Activity of potato adenylpyrophosphatase at different hjdrogen ion 
! concentrations 


Table VIII 

Inhtbtiion of Polalo Adenostnelriphosphalase by idenosirt” Diphosphate 
Enzyme, potato adenylpyrophosphatase, second alcohol precipitate, 1 r of pro 
tern per ml , substrates, ATP (80 7 of labile P), pH 6 50, ADP (40 y of labile P), pH 
6 52, both nucleotides (120 y of labile P), buffer, 0 1 Ji sodium succinate, pH 6 5, 
0 2 ml per sample, CaClj, 0 2 mg , volume, 1 ml , incubation, 2 and 4 minutes, 
temperature, 30° 


i 

i 

Tune 

Inorganic P 

P split 


«in 

7 

7 

ATP ' 

0 

2 6 


<1 I 

2 

13 2 


it 1 

4 i 

23 0 


ADP 

0 

1 4 

t 


2 

8 2 

6 8 

tt 

4 

14 2 

12 8 

Both nucleotides 

0 

3 6 

8 4 

C( (1 

2 

12 0 

tt tt 

4 

20 4 

16 8 


same Potato adenylpyrophosphatase liberates both labile phosp a e 
groups in mosine tnphosphate at about the same rate (see Fig 2) ° ‘ ® 

the myosm enzyme (6) the potato enzyme dephosphorylates the a emne 
nucleotide faster than the inosine nucleotide (Table DC) 
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Adsorption of Potato Adenylpyrophosphatase on ilft/ost/i— According to 
Engelhardt et al (15) myosin is identical with muscle adenosinetnphos- 

Table IX 

Dephosphorylaiton of Adenosine Tri- and Diphosphate and of Inosine Triphosphate by 

Potato Enzyme 


Potato enzyme (40 y of protein) , CaCli, 0 4 mg , 0 2 ml of 0 1 it succinate buffer, 
pH 6 33 , ATP (120 y of labile P) , ADP (105 y of labile P) , ITP (130 -y of labile P) , 30° 


Substrate 

Tune 

P 

P split 


mtn 

y 

y 

ATP 

0 

1 5 


ADP 

0 

5 7 


ITP 

0 

2 9 


ATP 

5 

68 0 

66 5 

ADP 

S 

67 5 

61 S 

ITP 

5 

40 5 

37 6 

ATP 

15 

116 0 

114 5 

ADP 

15 

98 3 

98 3 

ITP 

15 

93 0 

90 1 



Fig 2 Liberation of phosphate from inosine triphosphate b> potato adcnjl 
p\ rophosphatase The broken line indicates the amount of phosphate which corre 
spends to complete hydrolysis of the labile phosphate in the inosine triphosphate 

phatase This view has been supported from \arious quarters (12, 16) 
The possibility that the presence of this particular enz 5 'me m m 3 ’osin is 
due to adsorption cannot be excluded, however In tlus connection it maj 
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Table X 

Adsorption of Potato Adenylpyrophosphatase on Myosin 
To 5 ml containing 1 5 to 2 mg of globulin (mjosin or fibrinogen) was added 02 
ml of potato enzyme (containing 50 y of protein) The mi\ture was then diluted 
witb HjO up to 100 ml The precipitated globulin w as centrifuged and n ashed with 
40 ml of water and then dissolved in 2 per cent KCl ATP was added in excels 
The pH was between 8 5 and 9 0 


Efitymc 

P split 
pff 5 m/n 

Excess split 

Adsorbed 


7 

7 

fier eenl 

Myosin 

27 2 



“ with adsorbed potato enzyme 

74 S 

47 6 

37 

“ and potato enzj me* 

91 8 

64 6 


" (inactive) 

6 7 



“ with adsorbed potato enzyme 

152 0 

145 3 

35 

" and potato enzyme* 

215 0 

208 3 


Fibrinogen 

2 4 



“ with adsorbed potato enzyme 

8 5 

6 1 

2 5 

" and potato enzyme 

120 0 

117 6 


CC 

0 0 



" with adsorbed potato enzvme 

11 0 

11 0 

20 

Potato enzyme 

275 0 

275 0 



* The amount of potato en2>me corresponds only to half the amount emplojed 
in the adsorption sample 


Table XI 


Adsorption of Potato idenylpyrophosphalasc {Adcnosinediphosphatase) on Myosin 


To 20 ml of myosin solution (reprecipitated once) were added 1 5 ml of potato 
enzyme (crude ammonium sulfate precipitate), after a 5 m note incubation at 30 
the mixture was diluted with chilled distilled aaater to lOO ml The precipitate 
formed w ns further w ashed w ith 50 ml of w ater and then redissolved m 2 5 per cent 
laaCl The final X olume w as 27 ml Myosin without th addition of potato enzjme 
was subjected to the same treatment 

For the enzymatic test 2 ml of the myosin solutions containing 0 5 mg of 
were mixed w ith 1 ml of buffer and 0 1 ml of substrate The buffers were glj cine r 
NaOH, pH 9 05, glvcylgljcine, pH 6 9, and sodium succinate, pH 6 5 The su 
strates w ere ATP (110 7 of labile P) and ADP (105 7 of labile P) The mixtures were 
incubated tor 10 minutes at 30° 

j P formed 


T 


Myosin potato enzyme + ADP, incubated at pH 6 9 

„ .. ^ « .. « « 9 05 

11 « 4. ATP. “ " "65 

« 11 4 « « “ " 9 05 

Myosin + ADP, incubated at pH 9 05 
•» + ATP, “ “ “ 9 05 


22 0 
12 4 
51 6 
44 6 
0 8 
42 8 






H M KALCKAR 


365 


be of interest to present some expenments in which small amounts of a 
highly active potato adenylpyiophosphatase weie added to nijosm It 
appears fiom Table X that even after 20-fold dilution of myosin and subse- 
quent washing of the precipitate a considerable proportion (30 to 60 per 
cent) of the water-soluble potato enzyme lemams in the m>o«in fraction 
which now splits both ADP and ATP at pH 6 5 as well as at 9 (Table XI) 
When fibrinogen and potato enzyme were mixed no adsorption w as seen 

DISCUSSION 

It has been the general belief (4, 12) that muscle contains two different 
adenylpyrophosphatases adenosmetnphosphatase, which occurs paiticu- 
larly in myosm (4), and adenosinediphosphatase, which is found in the 
water-soluble part of muscle extracts From what has been desciibed in 
the present paper, it is, however, clear that the two-step dephosphor jlation 
of adenosine tnphosphate in muscle extracts may just as w ell be attributed 
to the joint action of adenosmetnphosphatase and myokinase The latter 
enzyme converts the adenosine diphosphate, formed by the action of the 
former enzyme, into adenylic acid and adenosine tnphosphate which is 
acted upon by the adenosmetnphosphatase, and so on In the final bal- 
ance, adenosine tnphosphate will be dephosphorylated to adeni he acid 

When adenosine diphosphate is dephosphorylated and no mj okinase is 
present, it is obvious that the reaction must be due to direct adenosinedi- 
phosphatase action However, it does not follow from this that adenosine- 
diphosphatase IS an enzyme different from adenosmetnphosphatase The 
latter enzyme may merely be less specific in liver than it is in muscle, so 
that it acts not only on adenosine tnphosphate but also on the diphosphate 
It has already been pomted out that the two nucleotides are probably 
dephosphorylated by one common enzyme and not by two different 
enzjunes 

It IS difficult at the present tune to evaluate IHemzeller’s observation, 
that mosme tnphosphate is dephosphorylated markedly faster than adeno- 
sine tnphosphate when incubated with myosin It can mean either that 
mosme tnphosphate is the biological substrate of myosintnphosphatase or 
that the adenosme tnphosphate used contained traces of an inhibitor which 
IS mactivated by deamination 

Engelhardt has advanced the h 3 ipothesis that muscle adenosmetnphos- 
phatase IS identical with myosin A number of other investigators (12, 
16) have lent their support to Engelhardt’s claim 

From the expenments presented in this paper and in particular from the 
observation of the adsorption of potato adenylpyrophosphatase on myosin 
fractions, it seems obvious that we are not yet in a position to distmgmsli 
between the two alternatives, whether myosm is identical with the tnphos- 
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phatase, or whether the enz^^ne is adsorbed on the myosin molecule The 
situation IS analogous to that encountered in studies of the occurrence of 
phosphatase in viruses (17), in which cose the alternatives are adsorption 
from the tissues on the one hand and actual incorporation in the nrus on the 
other 

It may be emphasized that even an adsorption of tnphosphatase on ni}o 
sin might well connect pyrophosphate hydrolysis with the mechanical 
phenomenon in the muscle fiber 


SUMMARY 

Adenylpyrophosphatases from vanous animal and plant tissues have 
been studied 

1 Adenylpyrophosphatase from myosm and from muscle extracts is a 
specific adenosinetn phosphatase This was shown by separation of the 
water-soluble protein components from the active globulms After such a 
separation only adenosine tnphosphate but not the diphosphate is dephos 
phorylated The diphosphonucleoside is hydrolyzed to monophosphonu- 
cleoside (adenylic acid) upon further addition of myokmase, which catalyzes 
the reversible reaction, 2 adenosine diphosphate ^ 1 adenosme monophos 
phate (adenjlic acid) + 1 adenosme tnphosphate, and thus transforms 
half of the adenosine diphosphate into tnphosphate, -which is subsequently 
hydrolyzed by the tnphosphatase The dephosphorylation of adenosme 
tn- as well as diphosphate in fresh muscle extracts is probably due to the 
combined action of adenosmetnphosphatase and myokmase The ex- 
istence of a separate adenosmediphosphatase has not been observed and is 
considered unlikely 

2 Liver extract hydrolyzes adenosme tnphosphate to adenyhc acid with 
the liberation of two phosphate ^oups Since the extracts are free of 
myokmase, the adenylpyrophosphatase in liver is combined tn- and diphos 
phatase The two reactions ma3 be catalyzed by the same enzyme, which 
is merely more active toward adenosme tn- than it is toward adenosine 
diphosphate 

3 The albumin fraction of potato extracts contains a highly active 

adenylpjTophosphatase which hydrolyzes adenosine tnphosphate to aden- 
ylic acid and two phosphate groups Smce myokmase is absent, t e 
dephosphorylation proceeds directly The first step proceeds faster t an 
the second The rate in the presence of both nucleotides is near the aver 
age of the rates of the two steps, thus indicating one common pbospha ase 
for adenosme in- and diphosphate , 

Inosine tnphosphate is h3"drolyzed by the potato enzyme , the end p 
ucts are inosine monophosphate (inosimc acid) and two phosphate group 
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The inosme nucleotides are dephosphorylated at about half the rate found 
with adenine nucleotides 

The potato adenylpyrophosphatase is about 50 to 100 times more active 
per mg of protem than is the myosm enzyme If a small amount of the 
potato ensyme is added to myoSin and the latter is precipitated by 20-fold 
dilution with water and washed, a large proportion of the potato enzyme 
remains in the myosin fraction 

The correspondmg procedure performed with fibnnogen and potato 
enzyme did not give nse to any appreciable adsorption of potato enzyme 
The adsorption of potato adenylpyrophosphatase on myosm raises the 
question as to whether the occurrence of so large a proportion of muscle 
adenosinetnphosphatase in the myosm fraction imgbt not be attnbuted to 
an adsorption of this enzyme on myosin 

The author takes pleasure m expressmg his gratitude to Professor C F 
Con and Dr S P Colounck for numerous valuable suggestions and for 
helpful advice during the course of this work 
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Ewins and Laidlan (1) shoned that t 3 n'amine disappeared when perfused 
through the heart, liver, or uterus of rabbits and cats The amine oxidase, 
which deaminates tyramine and many other pnmarj amines, has been 
studied m hver and kidney (2) but no further obsen'ations have been made 
on the fate of tyramine in the heart or other muscle In particular it is 
not known whether muscle is able to deaminate the side cham of tyramine 
or break the nucleus or both It was therefore of interest to investigate 
this question mth the tissue slice technique Tyramine, 1-tyrosine, and 
phenol were chosen for comparison, and the changes m the aimno nitrogen 
of the first two and the hydroxy groups of all three compounds nere es- 
timated after incubation mth various tissue slices 

EXPERIMENTAL 

The tissues of the rat were used The kidne}-^ and hver shces were made 
in the usual way The heart was prepared by cutting across the ventncles 
so that many thm rings of muscle were made, and these were washed free 
of blood The skeletal muscle was taken from the hind legs and cut trans- 
versely to the long axis of the fibers The biceps femons muscle proved 
the most convenient to handle The smooth muscle was taken from the 
ileum It was spht open, washed with saline, and the mucosa carefully 
removed by scraping The muscle was then cut into strips The tissues 
were placed in 50 cc flasks containmg 4 0 cc of the Krebs-Henseleit (3) 
solution and shaken at 37° in an atmosphere of 5 per cent CO 2 and 95 per 
cent O 2 At the end of the experiment appropnate amounts of tiramine, 
f-tyrosme, or phenol were added to certain of the controls to sen e as stand- 
ards and 1 0 cc of 20 per cent tnchloroacetic acid was then added to all 
the vessels The precipitated protein was centnfuged down The hi- 
droxy groups were estimated by the diazotized p-mtroanihne reagent ac- 
cording to the method of Theis and Benedict (4) This reagent gi\ es an 
orange-red color wuth monohj droxjqihenj 1 compounds Dih 4 drox\- 
phenylalamne gives a brownish color which was not produced in our ex- 
periments and ahphatic hydroxy compounds gixm no color The ammo 
mtrogen was determined m the Van Slyke apparatus and the \ alue.- gn cn 
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ttkamine, tyhosine, and phenol 


below represent the difference between that obtained on the tissue alone 
and that obtained on tissue incubated with either tyrosine or tyramine 
Tjoramine gives off its nitrogen quantitatively after 5 nunutes with nitrous 
acid in the Van Slyke apparatus 

The disappearance of hydroxyphenyl groups after incubation mth tis 
sues may be due to their conjugation with sulfunc or glycuronic acids or 
to the breaking of the nng 1 0 cc of concentrated HQ was added to the 
protein-free tnchloroacetic acid solution and the mixture boiled for 30 
minutes It has previously been shoivn (5) that boihng for 10 nunutes 
with 0 25 cc of concentrated HCl will completely hydrolyze phenol sul 
fate The hydrolyzed solutions were compared with untreated controls 
and no evidence was obtained that the disappearance of the hydroxy groups 
of tyramine or tyrosine was caused by conjugation Phenol is knoivn to be 
conjugated by hxer slices (5), but not by other tissues Thus after 4 
hours incubation 0 28 mg of tyramine disappeared out of 0 6 mg added at 
the begmnmg to skeletal muscle After the matenal was boiled with acid, 
the value obtained was 0 27 mg , showing that conjugation had not oc 
curred Out of 0 5 mg of phenol added to skeletal muscle 0 20 mg dis 
appeared and after boiling the same value x\as obtained For heart the 
respective values with tyramine were 0 22 and 0 19 mg , for liver 0 14 
and 0 15 mg It thus may be concluded that the disappearance of hydroxy 
groups from the added compounds in the tissues is not due to conjugation but 
IS probably the result of the breaking of the nng The possibility, how ever, 
remamed that the apparent disappearance was not due to the destruction 
but rather to the adsorption of the compounds onto the proteins of the tis 
sue when they are precipitated with tnchloroacetic acid That this is not 
the case is showm by the follownng expenments Tjrramine (0 5 mg) 
was incubated with heart and wuth skeletal muscle aerobically, anaerobi 
cally (wnth a gas mixture of 95 per cent nitrogen and 5 per cent COt), nnd 
after the tissue was boiled for 5 mmutes in saline For heart muscle, 

0 23 mg disappeared aerobically, 0 06 mg anaeiobically, and tyramine 
was recovered quantitatively from the boiled tissue, which shows that the 
catalysts for these reactions are thermolabile and require 0x3 gen For 
skeletal muscle the respective values were 0 18, 0 07, and 0 03 mg Since 
adsorption should occur anaerobically as well as aerobically, it cannot ac- 
count for the disappearance of tyramine The quantitative recoveiy 0 
tyrosine and phenol from certain tissues that do not metabolize t cm 
indicates that these compounds also are not adsorbed to any evdent ® 
gradual disappearance of tyramine from heart muscle with time ’ 

cates that this compoimd is metabolized Out of 1 0 mg adde a 
beginning 0 29 mg disappeared after 1 hour of incubation, 0 46 mg a 
2 5 hours, and 0 6 mg after 4 hours 
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Table I sunimanzes the results Ammo nitrogen values vere only de- 
termined when 1 0 mg of tyrosine or tyramme was present in older that 
the difference between the control and experimental values should be as 
large as possible In the case of the ileum the control values increased so 
much on incubation that the ammo nitrogen contributed by the addition 

Table I 

Effect of Vartotis Tissues on Tyramtne, Tyrosine, and Phenol As Measured by 
Disappearance of Aromatic Hydroxy Oroup and in Case of First Two 
Compounds the Ammo Group on the Side Chain 


The tissues were incubated vith the compounds for 4 hours at 37° in 95 per cent 
Oi, 5 per cent COi (1 0 mg of tyrosine contains 0 077 mg of NH -N, 1 0 mg of tj ram- 
ine, 0 103 mg of NHj-N) 


Tissue 

Weight 
o( slices 

Compounds 

1 Amount 
^ added 

1 Amount 
recovered 
(as OH 

I group) 





mg 


1 mg 

mgm 


mg 

1 

Heart 

184 

Tyramme 

0 5 


54 


1 


160 


1 0 


64 

0 046 



307 

Tyrosine 

0 5 

0 49 

2 


i 


246 

<1 

1 0 

0 92 

8 

0 085 

0 


184 

Phenol 

0 5 

0 47 

6 



Skeletal muscle 

228 

Tyramme 

0 5 

0 24 

52 

1 

1 


215 

tt 

1 0 

0 50 

50 

0 029 

72 


194 

Tyrosine 


0 33 

34 




267 



0 71 

29 

0 079 

0 


228 

Phenol 


0 37 

26 


i 

Smooth muscle 

300 

Tyramme 


0 20 

60 




275 


! 1 0 

0 33 

67 




335 

Tyrosine 

0 5 

0 30 

40 




287 

(( 

1 0 

0 71 

29 
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Phenol 

0 5 

0 31 

3S 



Kidney 

368 

Tyramme 

0 5 

0 51 

0 




233 


1 0 

1 02 

0 

0 013 

87 


364 

Tyrosine 

0 5 

0 28 

44 


1 


238 

H 

1 0 

0 75 

25 

0 070 

9 


362 

Phenol 

0 5 

0 42 

16 



Liver 

235 

Tyramme 

0 5 

0 48 

4 

0 000 

100 


237 

Tyrosine 

05 

0 22 

56 

0 062 

19 


of 1 0 mg of t 3 Tosme or tyramme could not give a sigmficant mcrease The 
values are therefore not mcluded The figures listed in Table I were ob- 
tamed on different days and different animals Each is tjTucal of a group 
of three to fifteen experiments The weights of the slices were laned in 
some cases to illustrate certain points The follownng facts about the 
metabolism of these compounds are evident from Table I In the heart 
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the hjdroxy and ammo gioups of tjTanune disappear to about the same 
e\tent, indicating that both the amino group and the nng are split The 
specificity of the reaction is, houei^er, very marked, for m spite of almost 
twice the amount of tissue present the I13 dro\y and ammo groups of t}ro 
sine can be lecoa ered almost quantitatn elj Heart muscle is also unable 
to destroj' phenol Such specificitj is not shoini bj either skeletal or 
smooth muscle In the presence of tlie former the hjdroyj groups of 
tyi-amine are attacked somewhat more readih than those of t3Tosuie and 
phenol Tyramine is defimtel3 deammated, whereas the deamination of 
t3Tosine does not occui Smooth muscle attacks the h3''drov3’' groups in a 
smular order, but the h3diox3 groups of t3mamme can be quantitatn eh 
reco\ ered aftei incubation with kidne3', although almost complete deami 
nation occurs Ividne3'’ reacts with Z-t3iosine m e\actl3’’ tlie opposite uai, 
so that a significant number of h3'dro\3’ groups disappear but no deamina 
tion occurs With hvei the h3dro\3 group of t3T0sme but not f3Ta 
mine disappears but the deamination of the former is questionable 
The inability of lat liier suspensions to deaminate t3aosine has been 
shown (6) 

The effect of incubation of the muscle slices without addition of sub- 
strates on the ammo mtiogen lalues and tnchloroacetic acid-soluble 
chromogemc substances w as determined For 300 mg of skeletal muscle 
the initial amino nitrogen lalue was 0 05 mg and at the end of 4 hours 
mcubation it had nsen to 0 1 5 mg The initial concentration of chromo 
genic substance measured against a t3Tosin0 standard was 0 10 mg and 
at the end of 4 hours it w as 0 19 mg Since this increase in both i allies 
occurs anaerobicall3'’ as w ell as aerobicalh’’, it can be attnbuted to the h} 
drolysis of protein or peptides, so that trichloroacetic acid-soluble sub 
stances are released The mcrease m amino nitrogen m the ileum is more 
marked, nsing from an initial % alue of 0 05 rag to 0 35 mg m 4 houRj, and 
there is a correspondmg increase in chromogemc substances This is to 
be eapected, as proteo^dic enz3mies must be present in considerable quan 
tit3’- On the other hand neither the ammo mtrogen nor the concentration 
of chromogemc substances rises m heart muscle on incubation It should 
be pointed out that these increases in skeletal and smooth muscle do not 
interfere inth the determination of the metabolism of the added com 
pounds, because simultaneous controls were alwa3S used and the lalues 
expressed as differences 

DISCUSSION 

T3Taimne is readily metabohzed b3’’tissues tn mlro With the 
kidney and liver, which only deammate it, tissue slices appear to 
nng as w'ell, for there is a significant disappearance of estmiab e 3 
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groups which is not caused by conjugation Whether tjTanune is the nor- 
mal substrate for the enzyme systems present m these tissues is impossible to 
say but it seems probable that related pressor amines can also be attacked 
in a similar way Although the heart is unable to destroy tyrosine, the 
other tissues are probably able to break the nng but with the possible 
e\ception of liver no deamination occurs As has been previously shorni 
(5), hver is able to oxidize and conjugate phenol Heart is unable to do 
either but skeletal and smooth muscle can apparently oxidize but not 
conjugate it This inability of muscle to conjugate phenol u as also shown 
by Arnolt and de Meio (7) who used diaphragm They found that intes- 
tinal mucosa can conjugate phenol and this may be the locus of the forma; 
tion of epmephnne sulfate when the hormone is taken by mouth (8) 
The results of Barac (9) who found that phenol is conjugated by the evis- 
cerated dog are not explained by these m vitro expenments 

SUMMARY 

1 Heart, skeletal, and possibly smooth muscle of the rat is able to deam- 
inate tjTanune and because of the disappearance of estimable hydroxy 
groups can presumably also break the nng Kidney and hver are only 
able to deanunate it 

2 Because of the disappearance of estimable hydroxy groups all these 
tissues with the exception of heart can presumably break the nng of tyro- 
sine With the possible exception of hver no deamination occurs 

3 Heart is unable to destroy phenol Skeletal and smooth muscle can 
oxidize but not conjugate it, and hver as previously shown is able to oxi- 
dize and conjugate it When phenol is added to kidnej’’, only a small 
percentage disappears 

4 None of these reactions occurs anaerobically or in the presence of 
boiled tissue 
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The rehabibty of the vanous Somogj'i-Shaffer-Hartmann (1, 2) copper 
reagents for glucose determination in biological material has been estab- 
lished Adaptation of these reagents to colonmetnc use may be accom- 
phshed by omission of the iodide and lodate m them preparation, since these 
interfere with the molybdate color reagents This omission produces no 
especial change in the character of the reagents K3, however, inhibits the 
autoreduction of the copper and in its absence an unstable reagent results 
Nevertheless, if the copper is added to the rest of the reagent on the day of 
its use, this difficulty is avoided 

When the Somogj'i micro reagent (2) is used m this way with almost any 
of the vanous phosphomolybdate reagents, veiy satisfactory proportion- 
ahty IS found between color density and glucose taken over a wide range of 
values However, all of the phosphomolybdate reagents tned left much to 
be desired m reproducibility from tune to tune and lacked the desued 
stabihty of color 

We therefore tned vanous color reagents, which led to the development 
of a new arsenomolybdate reagent When this reagent was used with 
Somogyi’s micro reagent, it gave satisfactory stabihty and reproducibihty 
of color By this means it has been possible to utihze the copper reagents 
m a photometnc procedure for practically all the uses to which the titn- 
metne procedures are adapted These mclude tissue sugar, glj cogen, 
unne reduction equnalent, maltose, glucuromc acid, etc However, 
diastase detenrunations have not been successful because of the effect of the 
undigested starch on the clarity of the final colored solution 

The reactions mvolv ed in the molybdenum blue reaction are uncertain 
and beyond the scope of this report Woods and Mellon (3) discuss and 
give references to the vanous interpretations of the reaction 

Reagents — ^Anal3dical reagent grade or the eqiuvalent 

1 Copper Reagent A Dissolve 25 gm of Na-COj (anhydrous), 25 gm 
of Rochelle salt, 20 gm of NaHCOj, and 200 gm of Na-SO< (anhjdrous) m 
about 800 ml of water and dilute to 1 hter Filter if necessary ‘ This 

• The effective Imearitj of results in the verj low range of reduction has been im 
proved over that secured in the ordinary Somogyi micro blood sugar procedure This 
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solution should be stored u here the temperature wll not fall belon 20° V 
sediment may form after a feiv days This may be filtered off mthout det- 
nment to the reagent 

Copper Reagent B IS per cent CuSO^ SHjO contaimng one or tffo 
drops of concentrated sulfuric acid per 100 ml 

2 Ai-senomotybdate color reagent Dissolve 25 gm of ammomum 
molybdate m 450 ml of distilled water, add 21 ml of concentrated H.30<, 
mi\, add 3 gm of Na-HAsOj TH.O dissolved in 25 ml of HjO, m\ and 
place in an incubator at 37° for 24 to 48 hours Fig I shows the progress of 
formation of the chromogemc compound during mcubation at 37° If a 
reagent is needed quickly, an alternative procedure is to heat to 55° for 
about 25 minutes Hon ev'ei , stirring must be adequate to prevent local 
overheating, othermse decomposition of the chromogen may occur This 
IS accompanied by the piecipitation of a bright yellow compound The 
first procedure has been umformly successful and is the recommended one, 
the second is inconvenient, and with certain preparations of sodium arsenate 
Yields reagents n hich, though useful, are inferior m potential color develop 
ment to those prepared bj’- the first procedure This reagent should be 
stored in a glass-stoppeied brown bottle * 

3 5 per cent ZnSO< 6H2O 

4 Approximately 0 3 n BafOH); The zinc and banum solutions should 
be adjusted so that 5 ml of zinc require betn een 4 7 and 4 8 ml of banum 
to produce a definite pink to phenolphthalein The zmc should be diluted 
to 20 or 25 ml with H2O and the Ba(OH)2 added dropwise with constant 
mixing dunng the titration Store in a bottle protected by soda lime from 
the cal bon dioxide of the air It is convmment to have an arrangement for 
direct delivery of the Ba(OH)2 into a 5 ml burette graduated to 001 or 
0 02 ml 


IS done by using 1 volume of 1 20 blood filtrate per volume of Reagent A instead 0 
volume of 1 40 In order to evtend the useful range of the reagent to compensa e 
partiallj for this change, 0 0 per cent copper sulfate is used instead of 0 4 per cen 
This procedure has an additional advantage in that a smaller amount of reagent 'll 
suffice, and, consequent!} , the blank (nhich arises chiefly from the reagents 0 'cr 
than copper sulfate) ill be reduced correspondingly 

- Reagents prepared by either of the procedures described probabh 
siderably more of the active chroraogen per ml than will be needed for 
glucose (our arbitrary upper himt of estimation) To economize on the 
may determine in a titration against the maxamum amount of glucose w 1 
desired to estimate how much reagent is required to give maximum ^ j 
basis of this, the reagent may be diluted with 1 5 n H SO* to allon abou 
excess concentration of the chromogemc compound over the maximum n 
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Procedure 

The blood filtrates aie prepared as foUoTvs-® Add 1 volume of blood to 15 
volumes of water, mi\, add 2 volvunes of Ba(OH) 2 , max, and after the mixture 
has turned brown add 2 volumes of ZnSO< and mix After a feu mmutes the 
murture may be filtered, somewhat more filtiate may be secured bj’- a pie- 
Imunary centrifugation For finger-tip blood, one may wash 0 1 ml of 
blood from a pipette calibrated “to contain” into 1 5 ml of water contained 
m a small vial or test-iube Aftei 0 2 ml each of Ba(OH)o and ZnSO^ is 
added as descnbed above, the mixture is centrifuged The filtiate is then 
draum mto a 1 ml pipette tipped uith washed cotton 

1 ml of filtrate is pipetted into a narrow test-tube graduated at 25 ml 
The ordinary Folm-Wu blood sugar tubes are convenient but not essential ^ 
1 ml of a mixture (prepared the day of use) of 25 parts of Reagent A to I 
part of Reagent B is added Since this latter volume is not critical, a 
burette or measurmg pipette maj be used ^ml portions of appropnate 
standards and 1 ml of distilled u ater. t o serve as a blank, are set up in the 
same way The solutions are mixed and heated for 20 mmutes in a boihng 
w ater bath At the end of 20 mmutes the tubes are cooled in a pan of cold 
water 1 ml of the arsenomolybdate reagent is then added to each, a 
measurmg pipette is convement and adequate for this measuiement The 
color develops very rapidly and will be completed by the time thorough 
mixmg and evolution of CO 2 are completed The murture is then diluted 
to the mark, mixed, and read m a photoelectnc colorimeter at 500 or 520 
WM The photometer is adjusted so as to read 100 per cent transmission 
through the blank The color is veiy stable and may therefore be lead at 
convemence The stabihty of the color is absolute and not relative, the 
density of the blanks as well as of the more deeply colored solutions remains 
unchanged mth tune 

It has been our practice to run duphcate determinations on all blood 

• The deproteinization procedure given is one suggested to us bj Dr Somogyi 
several years ago It has been veil known (Benedict (4), Somogji (2)) that the 
ZnSOt KaOH deproteinization procedure leaves a small amount of Zn remaimng in 
the filtrate and that this trace apparently accelerates the reoxidation of cuprous 
oxide The extent of this is small and relatively unimportant in a macro blood sugar 
estimation, but decidedly significant in a microdetermination We had encountered 
this difficulty and devised a procedure similar to but more cumbersome than the one 
Somogyi was using to overcome the same difficulty We have found his method a 
very useful technique for various purposes, since it has the advantage of Mclding *i 
filtrate practically free of the deproteinizing reagents 

^ The high Ka SO< concentration of the reagent gives adequate protection against 
reoJadation for most purposes, so that neither the cflnstricted Folin Bu tube nor 
covered tubes are essential However, if high accuncj with quantities of glucose 
below 5 -y IS needed, these precautions should be taken 
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sugars and to ran each unne determination at two levels of dilution In 
our records for a 6 months penod, covenng over 2000 determinations, a 
de%nation of 8 per cent between duplicates is rare In most cases the spread 
m as less than 1 5 per cent of the amount determined We routinely cany 
through one pair of standards and blanks \nth each set and once each daj 
three pairs of standards are included, for this iie use 005, 0 15, and 03 
mg of glucose per ml , corresponding to 1 ml of a 1 20 dilution of blood 
contaming 100, 300, and 600 mg per 100 ml respectively The vanation 


Table I 


Optical Density (Log L/I) at 500 Mit at Various Intervals after Color Development 


Glucc.se Uken 1 

1 

Time 

0 

25 mia 

j lOO mm 

I 18 hr! 

m 1 





0 050 


0 169 



0 300 


0 979 


HIH 

0 025 





0 050 

0 175 



masM 

0 ISO 

I 0 620 

1 


0 522 


Table II 

Relationship between Density (Log I„/l) and Glucose Talen (Average of Duplicate 

Dclerminaltons) 


Glucose taken, c ' 

Optical density, d 

t 

d 

«r 



0 005 1 

0 0175 

0 2S6 

0 025 

0 0S65 

0 289 

0 050 

0 1760 

0 284 

0 150 

0 6140 

0 292 

0 300 

1 016 

0 295 


in the density values for these standards from one batch of reagents to 
another is not essentially greater than that encountered from da}’’ to da) 
with the same reagents The maximum spread of the density valuM as 
been about 6 per cent Usually the density coefficient of the standards can 
be predicted with a 1 or 2 per cent precision 
Representative data indicating the stabihty of the color deve ope a 
given m Table I The optical density was occasionally checked as a e 
3 days after development, when only small changes from the imtia va 
were found 
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Table II sho^\s a typical calibration indicating the essential proportion- 
ality between optical density and glucose taken 

The color densities W'ere read in a photoelectnc spectrometer (based on a 
Gaertner model 227 monochrometer) in Eveljm colonmeter tubes at a w ave .- 
^l ength of 5(X) ma ,mth slit widths of 0 1 mm How ev er, other laboratories 

na\e used Filter 520 with the Evelyn colonmetei successfully for this pur- 
pose At these w'ave-lengths the light absorption is far from the maximum, 
which lies at 660 m/i (Fig 1) The wave-length 500 m/i was chosen because 
it represented a satisfactory compromise between the sensitinty desired 



Fig 1 Development of the arsenomolybdate chromogenic compound at 37° 1 

ml of a 1 10 dilution in 0 5 N H SO, of the reagent described in the text n as added to 
excess cuprous oxide The monochrometer slits n ere set at 0 05 mm for n ave lengths 
of 600 mp and above, and at 0 10 nun for wave lengths below 600 mp Cune 1, 0 
time. Curve 2, 12 hours, Curve 3, 24 hours. Curve 4, 48 hours 


and the adv antages gamed by reducing to a minimum the effect of \ anation 
m such factors as blank due to reagents, reoxidation of cuprous oxide, etc 
The sensitivity can be increased oter 4 times merely by reading the light 
transmission at 660 mp 

Use of the color reagent for measurement of the reduced copper formed 
m the Somogji reagent is regarded merelj as an altematue to lodometnc 
titration Within the limits of error of the tw o procedures, equii alent re- 
sults have been secured m all apphcations but measurement of diastatic 



380 


DETEHMINATION OF GLUCOSE 


activity The charactenstics of the reagents are available in the onginal 
articles (1, 2) ' 

Thirty-nine blood specimens run m parallel by the above procedure and 
by the Somogyi titmnetnc method showed an average of 155 7 mg per cent 
for the titration against 155 9 mg per cent for the photometnc technique 
The standard error of the difference of the means was 0 007 The blood 
sugar langed from 45 to 585 mg per 100 ml and included specimens from 
noimal and diabetic owls, dogs, monkeys, and humans The same blood 
filtrates were used for both determinations 
Although lie have not used the procedure inth a Duboscq colonmeter, 
there appeai-s to be no reason why it should not offer some advantages oi er 
the usual methods A i elloii filter or hght source such as that used by 
Fohn (5) iiould probably facilitate the companson of standard inth un 
knoiin 


SUMMARY 

A photometnc method has been descnbed for the estimation of glucose 
(or reduction equivalent) inth copper reagents and an arsenomoiybdafe 
reagent The optical density of the color developed is proportional to the 
glucose taken and is stable oi er long penods of time 
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Recent investigations of tissue metabolism in which isotopic mtrogen 
(N*'’) has been used as a marker have indicated that a “rapid and contmuous 
chemical regeneration of the cell proteins is a general chamctenstic of hvmg 
matter” (1) Despite this stnkmg and continuous “chemical activity” 
of the organ proteins, it is beheved that these processes “lead to no final 
quantitative or qualitative changes” (2) m the composition of the proteins 
of the tissues This is in confirmation of the older belief in the constancy of 
composition of the structural elements of protoplasm, veU illustrated by 
the statement of Osborne and Mendel (3), “That the tissues either form a 
tjTMcal protoplasmic product, or none at all, now seems to be axiomatic in 
physiology ” 

This point of view is m sharp contrast to the hypothesis that tissue pro- 
teins are variable in composition It is stated that, in the white rat, 
quantitative changes m the ammo acids of the proteins of the tissues may be 
effected readily by “protem starvation” (4), by changes m diet, by infec- 
tions, by toxic agents, by the administration of hormones, and by irradia- 
tion (5) In particular, changes m the content of tr^Titophane, tyrosme, 
and lysme (4), of cystine and tryptophane (5), and of argmme (6) have 
been observed Since the present investigation is concerned only with 
tissue proteins, the rather extensive literature relatmg to possible altera- 
tions in the composition of the serum proteins mil not be reviened here 
This discussion mil serve to illustrate the conflict betv een the observations 
of Roche (4) and Cahn and Bonot (6), of Schenck and Wollschitt (5), 
and the older hypothesis of the constancy of the composition of protems 
■which are essential components of tissues Lee and Lems (7) analyzed the 
mixed protems of liver, kidney, and muscles of jmung white rats fasted and 
fed adequate mixed diets and also diets varjmg in their content of cystme, 
one of the ammo acids for which lability in tissue proteins has been claimed 
No evidence to support the hypothesis that the composition of the proteins 
of these tissues was influenced by dietarj factors, as maintamed by Schenck 
md Wollschitt (5), was obtained The present paper is concerned mth 
similar studies on j oung rabbits in a condition of normal nutrition and in 
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inanition Since vanous toxic agents ha\e been stated to alter the struc 
tural pattern of tissue proteins (5) and since the liver is an organ im- 
portantly concerned in protein metabolism, it vas considered of particular 
interest to study the effect of intoxication produced by two hepatotoxic 
agents, hydrazine and yellow phosphorus, on the composition of tissue 
proteins Under the conditions of the present experunents, no alterations 
in the quantitative composition of the total tissue proteins of liver, muscle, 
or kidney, as far as concerns the yield after complete hydrolysis of the 
ammo acids, tyrosine, tryptophane, or cystine, were observed 

EXPERIllEXTAL 

Young albino rabbits in httei units were selected as expenmental animals 
Each litter of six to seven animals, usually 6 to 8 weeks of age when received 
in the laboratory, was divided into a control and an expenmental group, 
each consisting so far as possible of equal numbers of animals of the same 
sex The animals were fed a commercial mixed food for at least a neek 
prior to the expenmental peiiods The usual procedure was to kill one 
animal of each group (control and expenmental) m the same week, the age 
differences between any pan of animals being at most 3 to 4 days As a 
nile, two animals, one from each group, were killed each week The first 
animals of each litter, when sacnficed, were thus about 9 to 10 weeks of age, 
and the last from 12 to 13 weeks In a few instaD"'s, the animals were 
mamtained on the commercial mixed food for 6 to 8 wet ks before the expen 
ments were begun The adequacy of this diet was showm by the good 
groivth of the young animals under our laboratory conditions Although 
the litteis used weie separated into gioups according to sex, no difference m 
the results attnbutable to this factor was observed 

In the first senes, a companson between the proteins of the tissues of 
well fed and fasted animals was made The control groups were fasted 5 
days, while the expenmental groups received the usual diet ad libitum 
for the same penod In the second senes, both the control and expen- 
mental groups fasted foi 5 days, but the animals of the expenmental group 
received 25 mg of hydrazine (as the hydrochlonde) per kilo of body weig t 
subcutaneously on the 4th and 5th days of fasting The animals were 
killed at the end of the 5th day ^ In the third senes, yellow phosphonis, 
suspended and emulsified in warm com oil, was similarly injected ™ 
taneously into the animals of the expenmental group Amounts o 
solution eqmvalent to 3 5 mg of phosphonis per kilo of body weig 

1 In the blood of the rabbits treated with hydrazine, varying degrees ^ 
were noted Although histological examinations of the livers were no > 
gross picture w as that of moderate fatty infiltration 
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injected on the 3rd and 4th days of fasting, and half this amount on the 
5th day - The control groups fasted 5 days, as in the other senes 
At the conclusion of the final day of the 5 day penod, as much blood as 
possible was removed from the heart with a needle and sjmnge The ani- 
mal was then stunned by a blow on the neck and after exposure of the jugu- 
lar vein lolled by exsangumation Liver, kidneys, and skeletal muscle of 
the fore and hind limbs were removed immediately and the protem was 
prepared from these tissues by the method of Janney (8) 

The hvers in these experiments always contamed small but vanable 
amounts of residual blood Although the amount of this was believed to be 
too small to alter significantly the results of the analyses, it was considered 
desirable to remove as much blood as possible by perfusion of the livers, and 
to compare the liver proteins thus obtained with those from liver prepared 
in the usual way The procedure used for perfusion ivas essentially that of 
Luck (9) except that no phosphate was added to the sahne used 
The tune elapsing between the begmmng of the perfusion and the sam- 
phng for the preparation of the protein was approximately 1 hour The 
muscles and kidneys obtamed in these experiments were also analyzed, but 
perfusion of these organs was not attempted 
The protem obtamed from the perfused livers vas less highly pigmented 
than the protem obtamed from livers which vere not perfused Analyses 
showed essentially the same composition of the two preparations of liver 
protem 

The methods of analysis of the tissue proteins were the same as those 
previously descnbed (7) Duphcate hydrolyses of the proteins were pos- 
sible except m a few cases in which the amount of protem available was 
insufficient (kidneys) With each hydrolysate duphcate or tnphcate deter- 
mmations were earned out AH results are calculated on an ash-free, 
moisture-free basis 

In Table I are presented the data obtained m the senes in which the total 
coagulable proteins of the tissues of W'ell fed and fasted rabbits were ana- 
lyzed In addition, the similar analyses for rat muscle (7) and the com- 
position of myogen and myosm (10) of rabbit muscle, the two best char- 
actenzed proteins of this tissue, are given It will be seen that there are no 
sigmficant differences between the two sets of values, a finding which 
confirms previous observations on rats from tlus laboratorj (7) The low 
total nitrogen content of the “protem” prepared from the liver of the well 

‘ Pathological examination of the livers of some of these animals show ed degenera- 
tive changes characteristic of phosphorus poisomng We wish to express our appre 
ciation to Professor Carl Y Weller, of the Department of Pathologj , for his helpful 
cooperation in examining the tissues 
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fed animals by the application of the method of Janney is probably due to 
the association of the hver proteins with some other protoplasmic com 
ponent or components in well fed annuals Similar low mtrogen valuej, 
were reported by one of us (7) in the analyses of liver protein from well fed 
rats The existence of a complex of protein and hver glycogen has been 
postulated (11, 12) The mtrogen contents of the proteins of other tissues 
and of the livers of fasted animals are satisfactory The ratio of the mtro 
gen content to that of the sulfur of the hver protein of the well fed rabbits is 
withm the anticipated range of values and indicates that, whatei er the 
associated substance may be, it probably contains no sulfur or nitrogen 


Table I 

Composition of Tissue Proteins of Well Fed and Fasted Rabbits 


The figures represent the averages of analyses of proteins prepared from the tissues 
of eight animals of each group and are calculated on an ash free, moisture free basis 


Tissue 

Nutrition 



X s 

Cystme 
N of 
toUlN 

Cystme 
Sof 
total S 

j Tyio- 
sme 

1 total N 

Trypio- 
phsoe 
Nat 
total V 

Liver 

Fed 

Per cent 

12 31 

per cent 

0 82 

15 0 


per cent 

53 8 


m 

tt 

Fasted 

15 85 

1 03 

15 4 

1 41 

KIMIM 



Kidney 

Fed 

16 12 

1 08 

14 9 

1 30 

41 5 



It 

Fasted 

16 13 

1 06 

1^3 

1 42 



lEI 

Muscle 

Fed 

15 95 

0 99 

16 1 

1 01 

37 3 


yMm 


Fasted 

16 14 

1 02 

15 8 





Muscle* (rat) 

4t 

16 2 

0 99 

16 3 




1 35 

Myogent 


16 6 

1 29 

12 9 

1 37 


1 95 

1 2o 

Myosinf 


16 7 

no 

15 2 

0 53 

IS 6 1 

1 56 

m 


* Total muscle protein from the data of Lee and Lewis 

t Purified protein fractions of rabbit muscle, calculateo from the data of Bailey 
( 10 ) 


Tlie analyses of the piotems of the tissues of animals which were fasted 
and then received hepatotoxic agents, when compared with the analiT^ 
of the fasted control groups in each case, also showed no differences ® 
yield of the ammo acid studied (Table II) No evidence is to be obtaine 
from any of the data here presented that the total coagulahle protein o e 
tissues IS as easily altered in its content of cystme, tyrosine, or trjTtop ane) 
as IS suggested by Schenck and Wollschitt (5) The data do not e o 
possible changes m the distribution of vanous fractions of hver pro w > 
but the composition of the total coagulable protein as prepar y 
method of Janney remams unchanged The data are in 
our previous studies with white rats It is of interest to note a 














h LOUIS AM) H B LEWIS 


385 


man (13), in 1905, analyzed the hvers of dogs receivmg hepatotoxic agents 
and believed that the data suggested a tendency “toward a dnmnution of 
the hevone bases as a whole" and, in particular, the argmine content Sub- 
sequently m studies of the liver of dogs similarly treated and m hepatic 
disease of man (14), he observed changes m the content of he\one bases 
which were “as a rule comparatively slight” and probably withm the limit 

Table II 

Composition of Tissue Proteins of Fasted Rabbits and of Fasted Rabbits Treated with 
Hepatotoxic Agents {Hydrazine, Yellow Phosphorus) 

All values are averages for the group and are calculated on an ash free, moisture 
free basis 


Tissue 

Group 

\o 

J\utnUQn 

No o£ 
anzmaU 

Total 

N 

Total 

S 

B 

Cystine 
Nof 
total N 

Cystmc 
SoC 
total S 

‘tyro- 

sine 

N 0/ 
total N 

Trypto- 
phane 
Nof 
total N 





per cent 

per cent 


per cent 

per cent 

Per cent 

per cent 

Liver 

1 

Fasted 

5 

15 61 

1 07 


1 57 

51 9 

2 12 

0 97 



Hydrazine 

7 

15 81 


15 0 

1 48 

50 9 

2 11 

1 02 


2 

Fasted 

4 

15 55 


14 3 

1 43 

46 3 

2 08 

1 04 



Phosphorus 

6 

15 86 

1 14 

13 9 

1 34 

42 4 


1 08 


3* 

Fasted 

3 

15 99 

lliVl 

14 9 

1 34 

43 7 

2 04 

1 08 



Phosphorus 

3 

15 95 

1 15 

13 8 

1 41 

44 2 

1 99 

1 15 

hluscle 

1 

Fasted 

S 

Ihliu 


14 9 

I 12 

37 9 

2 00 

0 94 



Hydrazine 

7 

16 07 


15 2 

1 12 

38 1 

2 06 

0 87 


2 

Fasted 

4 



15 2 


41 3 

2 00 

1 00 



Phosphorus 

6 

15 84 


15 1 

1 14 

38 0 

2 03 

1 01 


3» 

Fasted 

3 

15 96 


15 0 

lull 

35 2 

2 03 

1 14 



Phosphorus 

3 

15 82 

1 12 

14 1 

1 27 

39 7 

1 98 

1 OS 

Kidney 

1 

Fasted 

5 

16 05 

EEI 

14 1 

1 53 

48 2 

2 17 

0 96 



Hydrazine 

7 

15 98 

1 12 

14 3 

1 45 

46 8 

2 OS 

1 01 


2 

Fasted 

4 



14 7 

1 40 

38 6 

2 11 

1 OS 



Phosphoi us 

6 




1 49 

47 7 

2 14 

1 10 


3* 

Fasted 


15 69 



1 50 

45 1 

2 03 

1 24 



Phosphorus 








1 24 


* The livers of these animals were perfused as described in the te\t 


of individual variation These data weie obtained on hydrolysates of 
liver and not on the hydiolysates of the isolated proteins 
It is reahzed that the methods for the analysis of vanous ammo acids m 
protem hydrolysates aie imperfect, but it is bebeved that they are suffi- 
ciently accurate to permit comparisons when matenals of similar origin and 
preparation are analyzed 


SUSIMARi 

1 Proteins prepared fiom the liver, muscle, and ludnej of joung rabbits 
by the method of Janney (8) (i e , total heat-coagulable protein) ha\ e been 
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analyzed for total nitrogen and sulfur, and for the ammo acids, C3'stme 
tyrosine, and tryptophane 

2 The composition of these tissue proteins was found to be essentially 
the same (a) in well fed and fasted (5 days) animals and (6) in fasted 
animals m comparison ivith animals receiving the hepatotoxic agents, 
hydrazme and phosphorus 

3 The data fail to offer support to the hypothesis of Schenck and 
Wollschitt (5) that the composition of the tissue proteins is readily altered 
by changes m the metabohc state of the animal 

BIBLlOGRAPm 

1 Schocnheimer, R , and Ratner, S , Annual review of biochcmisto , Stanford 

Uni\ ersity, 10, 199 (1941) 

2 Schocnheimer, R , and Rittenberg, D , Physiol Rtv , 20, 237 (1940) 

3 Osborne, T B , and Mendel, L P ,J Btol CAcm , 17, 334 (1914) 

4 Roche, A , Thesis, Inanition protdique, reserves azotdes et constitution des 

protdines musculaircs, Marseille (1933), Bull Soc chim btol , 28, 257 (1934) 

5 Schenck, E G , and WoIIsclutt, H , Arch exp Path u Pharmakol , 170, 151 

(1933), 173, 260, 268, 278 (1933) Schenck E O , Arch exp Path u Phor 
makol , 176, 401 (1934) 

6 Cahn, T , and Bonot, A , Ann physiol el phystcochm biol , 4, 781 (1923) 

7 Lee, \V C , and Lems, H B , J Btol Chem , 107, 649 (1934) 

8 Janney , N W ,J Btol Chem , 26, 177 (1916) 

9 Luck, J M , / Btol Chem , 116, 491 (1936) 

10 Bailey, K , Btochem J , 31, 1406 (1937) 

11 Willstatter, R , and Rohdenald, M , 2 physiol Chem , 226, 103 (1934) 

12 Tsai, C , Chinese J Physiol , 7, 343 (1933), 11, 87, 93 (1937) 

13 Wakeman, A J , / Exp Med , 7, 292 (1905) 

14 Wakeman, A J , / Btol Chem , 4, 119 (1908) 
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Proleus mlgans contains an enzyme which catalyzes the oxidation of some 
eleven ammo acids to their corresponding keto acids with liberation of am- 
moma The present commumcation deals with the pioperties of this 
enzjTne both m the intact bactenal cell and m cell-fiee extracts 
Bemheim etal (1 ) w ei e the first to obsen^e the amazing ability of Pi oleus 
vulgaris to oxidize practically all the known natural amino acids We have 
confirmed their observations w hen w e used bactenal suspensions which vv ere 
freshlj harvested Howevei, as the age of the bacterial suspension in- 
creased, the number of ammo acids attacked dwindled Thus a suspension 
w hich had been kept at 0° for 2 weeks oxidized only eleven of the tvv enty-tw o 
ammo acids which were attacked onginally Further aging of the suspen- 
sion did not reduce the list, although it resulted in some rearrangement m 
the order of velocities of oxidation This was particularly true m the case 
of isoleucine Eventually no further change was observed either in the 
number of ammo acids w hich w ere oxidized or in the relative velocities 
The above observations are readily explained m the followmg w ay Thei e 
are at least several enzymes w hich are involved m the oxidation of twent 3 ^- 
tw'o ammo acids by young suspensions of Proteus vulgans All but one of 
these enzymes are relatively unstable and disappear m turn as the bactenal 
suspension ages Eventually only one enzyme surviv es , wz , the one which 
IS the subject of the present commumcation and which we shall call the 
Z-animo acid oxidase of Proteus vulgaris This unspecific name for the 
enzjmie is inadequate either as far as distinguishing it from other enzymes 
which attack Z-ammo acids or as far as groupmg it with enzymes from other 
sources with similar, if not identical, properties However, a rational 
nomenclature will have to aw ait more information on the specificities of the 
vanous enzymes which attack Z-ammo acids In the present commumca- 
tion the term Z-ammo acid oxidase will be reserved for the particular enzjTOe 
of Proleus vulgans whose properties are described below Any of the other 
enzymes which oxidize Z-ammo acids will be characterized either on the 
basis of their ongm, e g the Z-oxidase of rat kidney, or on the basis of some 
particular substrate w'hich they oxidize readily, e g the alamne oxidase 
We do not have adequate data to decide precisely how' many ammo acid 
oxidases are concerned altogether and whether the mechanism of oxidation 
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IS identical m all cases The glycine, serine, and prohne oxidases are least 
stable and disappear first The alanine, vahne, aspartic, and glutamic 
oxidases are somewhat more stable and survive storage at 0° for 1 iieek 
Increasmg the temperature of storage of the bactenal suspension hastens 
the decay of the fragile ammo acid oxidases ‘ Thus, storage for 24 hours 
at 38° IS roughl3’’ equivalent to storage for about 1 week at 0° 

The l-ammo acid oxidase can be obtained cell-free by dismtegratmg the 
bactenal cell with supersomc nbrations When young bactenal suspen- 
sions are thus treated, the extracts contam enzymes other than the I ammo 
acid oxidase which can oxidize certam natural ammo acids However, b} 
the method of purification (to be described later) the Z-ammo acid oxidase is 
completely separated from these other enzymes We have thus been able 
to study the Z-ammo acid oxidase uncomphcated by the presence of other 
ammo acid oxidases, both m the mtact cell and m cell-free extract 
Specificity of Substrate — The enzyme oxidized all the unsubstituted mono 
carboxyhcmonoammo, primary ammo acids of the Z series with the excep 
tion of alanme and valine (c/ Table I) The /S-hj'droxy, dicarboxyhc, and 
diammo ammo acids (argmme excepted), prohne, hydroxyprolme, and cys 
teme (or cystine), glycine, phenylglycme, and its N acetyl denvative were 
iiot oxidized /3-Ammo acids such as /S-alanme and isosenne, atmnes (hista- 
mine and tyramme), peptides (reduced glutathione, glycylglycme, and leu- 
cylglycme), asparagme, glutamme, and N methjdammo acids such as 
N-monomethylleucine, N-monomethylmethionme, and N-monomethyl 
histidme were all not oxidized by the oxidase 
Marked stereochemical specificity was shown by the enzyme Onl} the 
Z forms of the ammo acids were attacked The d forms w hich accumulated 
dunng the oxidation of dZ-ammo acids did not inhibit the oxidation of the 
correspondmg I forms We have taken advantage of this configurational 
specificity to prepare d-amino acids from the dl forms In the expenmental 
section details are given only for the preparation of eZ-methiomne, although 
d-leucme and <Z-phenylalamne were also prepared by the same method 
The relationslup between rate of oxidation and number of carbon atoM 
m the ahphatic side chain of an ammo acid of a given senes is shown m Ta e 
II The relationship was tested in three senes of ammo acids whic we 
shall refer to respectively as unbranched, branched, and phenyl-su^titu 
The unbranched senes mclude only straight cham, unsubstitu^ aro'" 
acids hke glycme, alanme, etc The so called blanched senes is im c 
those ammo acids which correspond to the ahphatic fatty' acids ° 
senes, such as isovaleiic acid and isocaproic acid It would no , or 

1 The term ammo acid oxidase is used loosely here to include ^ 

-which facilitate the oxidation of amino acids without necessarily imp yi 
deamination 



P K STtJMPF AND D E GREEN 


389 


ample, include it>oleucine, uhich isa/S-methyl denvative of normal \alenc 
acid Finally, the phenyl-substituted senes includes ammo acids nhich 
hace a phenyl gioiip in position, like phenj Iglytme, phenylalanme, etc 

Table I 

Rclalite Vclocittes of Oxidation of Ammo Acids by Cell Suspensions and Cell Free 

Extracts 

The \elocitj of oxidation was measured manomctncally by the rate of oxygen up 
take in the presence of excess of substrate Each manometric cup contained 0 5 cc 
of bicfenal suspension (■} mg , diy weight) or 0 1 cc of the cell free preparation 
(1 1 mg , dry weight), ammo acid equivalent to 0 5 cc of 0 1 m f ammo acid, and 
0 05 XI phosphate buffer of pH 7 1 to make a final volume of 3 cc Alkali in center 
well, 38” 


Ammo actd 

Rt*at»vc velocities 

t 

Fresh 

suspension 

Aged 

uspension 

CcU free 
extract 

dl-Phenylalaninc 

i 100 

100 

100 

f-Tjrosine 

90 

54 

62 

1 Leucine 

93 

97 

91 

dl Isoleucme 

89 

31 

16 

f-Methiomne 

87 

91 

65 

f-Trypfophane 

75 

94 

88 

f-Histidine 

73 

25 

33 

dl-Xorleucine 

80 

90 

108 

dl ICorvaline 

90 

87 

60 

dl Aminobutyric acid 

72 

19 

12 

1- Arginine 

42 

23 

30 

dl Serine 

63 

0 

0 

f-Aspartic acid 

57 

0 

0 

1 Glutamic acid 

54 

0 

0 

dl-Alanine 

45 

0 

0 

dl Valine 

24 

0 

0 

1 Proline 

22 1 

0 

0 

dl Threonine 

22 

0 

0 

1 Ornithine 

14 

0 

0 

f-Lysme 

14 1 

0 

0 

Glycine 

10 

0 

0 

dl Phenylglycine 

0 

0 

0 


* Relative velocities were calculated on the basis that the rate of oxidation otdl- 
phenylalamne was 100 in each case Velocities are expressed, therefore, as per- 
centages of the standard velocity 


There is apparentlj’" m each senes a definite chain length at ivhich the great- 
est Velocity of oxidation is attamed Below or above this critical length the 
velocities fall off sharply In the unbranched senes the ammo acid with 6 
carbon atoms was oxadized most rapidly As the number of carbon atoms 
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decreased below 6, the velocity fell off and reached zero for the 3 carbon 
atom compound (alanine) The velocity for the 8-carbon atom compound 
(ammocaprjdic acid) was half that for the 6-carbon atom compound (nor- 
leucine) The picture was essentially the same in the phenyl-substituted 
series Phenylalanine, w ith 3 carbon atoms m the aliphatic side chain, 
was most rapidlj oxidized Phenylglycine, the lower horaologue, was not 
oxidized at all, w hereas phenylammobutjTic acid was oxidized at a rate less 
than one-fourth that of phenylalanine Only tw o compounds were avail 


Tabi-e II 

lielaUonshtp between Length of Straight Chain of Amino Acid and Rate of Oitdaiton 
Each manometer cup contained m addition to the ammo acid 0 2 cc of bacterial 
suspension which had been stored 2 months at 0° and 01 m phosphate buffer of pH 
7 1 to make a final volume of 3 4 cc Alkali m center w ell , 38° 


Scries 

Substrate 

No of carbon 
atoms m straight 
cham of amino 
aetd 

Oi per 5 mta 

m/180* 

V/S6 




c nn 

e ma 

Unbranched 

dl Alanine 

3 

0 

0 


d/-Ammobutyric acid 

4 

4 

s 


dl Aminovaleric “ 

5 

17 

2S 


dl Aminooaproic “ 

C 

20 

36 


dl Aminocaprylic " 

S 

10 





u/JW 

U/2W 

Phenyl sub 

dl Phenylglycine 

2 

0 

0 

stituted 

dl Phenylalanine 

r» 

i 

IG 

20 


dl Phenylarainobutyric acid 

i 

4 

3 




m/60 

urn 

Branched 

dl Valine 

4 

0 

0 


1 Leucine | 

5 

23 

50 


* The molarity refers to the initial concentration of the substrate in the manom 
eter cup 


able for testing the relationship in the branched senes, inz , 'lalme an 
leucine Leucine was oxidized, w'hereas valme was unattacked 

Companson of the rates of oxidation of the eleven substrates of t e en 
zyme w'hen the enzyme is present in the “aged” cell and when iso ate an 
punfied disclosed no appreciable change in the relative velocities pron e 
the precaution of complete “aging” w'as taken to eliminate the ac ion 

enzymes other than the f-ammo acid oxidase under study Thisen ® 

consistent ivith the assumption that one enzyme catalyzes t e om 
deammation of all eleven substrates, but it still does not exc u e 
bdity that several enzymes with rather similar properties are i 
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Products of Reaction — The oxidation of all substrates of the Z-ammo acid 
oxidase follows the equation 

(1) RCHNH,COOH + JOj - RCOCOOH + NH, + HjO 

The keto acids corresponding to phenylalanine, methionine, isoleucine, 
leucme, tyrosine, trj^ptophane, norleucine, noi valine, histidine, and argi- 
mne have been isolated in good yields in the form of their 2 , 4-dmitrophenyl- 
hydrazones Considerable interest attaches to the keto acid of arginine, 
wluch previously had never been prepared synthetically or isolated from 
natural sources^ 

\ccording to Equation 1, foi each atom of oxygen absoibed, 1 molecule of 
amino acid is oxidized, with the foimation of 1 molecule each of keto acid 
and ammonia The leiationship between ox-ygen uptake and formation of 
both keto acid and ammonia is as follows 


Substrate 

1 Oi uptake 

XHi 

Keto aod 

0 NHi keto acid 

dl Phenylalanine 

1 Leucine 

mtcraatoms 

34 8 

38 3 

mtcromohs 

34 8 

42 3 

mxcTomoUs 

35 6 

37 4 


B 


Within the liimts of experimental eiior, the data for the oxidation of leucine 
and phenylalanine satisfy the lequircments of Equation 1 * 

The 1-amino acid oxidase of lat kidney pioduces H 2 O 2 during its reaction 
with molecular oxygen (2), wheieas the Z-amino acid oxidase of Proteus vul~ 
gans does not This difference is the most significant one yet found 
Since the demonstiation of H 2 O 2 formation by the ammal enzyme was pos- 
sible only in punfied piepaiations wluch were free of catalase, we were at 
first inchned to the vnew that H202 formation by the Pioteus enzyme w^as 
obscured b> the action of catalase How ev ei , even when the level of activm 
catalase was reduced to negligible proportions, either by punfication or by 
the addition of selective inhibitors, the evidence was still unequivocal that 

* The quantitatixe experiments were earned out with the punfied enzyme rather 
than cell suspensions, since the latter slowly oxidized some of the keto acids In all 
but one case the rate of oxidation of the keto acids by cell suspensions was small com- 
pared to the rate of its formation from the corresponding ammo acid Nevertheless, 
oxidation of keto acid w as not insignificant and had the eilect of obscuring the quanti 
tative relationships betw een oxygen uptake and formation of keto acid When fresh 
cell suspensions were allowed to act on small amounts of alanine, senne, threonine, 
glutamic acid, and aspartic acid (none of which is a substrate of the enzyme), the 
oxygen uptake far exceeded the theoretical quantity required for keto acid formation 
This indicated that the keto acids were further oxidized Indeed, pyuaivic acid and 
a-ketoglutanc acid w hen added to such suspensions w ere rapidly oxidized a-Amino- 
butync acid was the one amino acid attacked by the f-amino acid oxidase whose cor- 
responding keto acid was rapidly oxidized by cell suspensions Howexer, o-keto- 
butync acid was stable in the presence of the isolated enzyme 


i 
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1 atom of oxj'gen « as taken up per molecule of ammo acid and not 2 atoms 
of oxj'gen, as would be required if HjO* were formed Furthermore, the 
delicate test for formation of HjO. worked out by Keilm and Hartree (3) 
u as consistently negative w hen earned out on the complete enzj-me si stem 
Preparation and Properties of Enzyme — Cell suspensions of Proteus vul- 
garis were disintegrated lapidly by exposure to ultrasomc vibrations (600 
kc ) The essential details of the oscillator and the conditions for disintegra 
tion are given m the expei imental section After treatment, the suspension 
w as centrifuged with hard packing of the sediment to remove all intact cells 
as w ell as cellular debris and ghost cells The supernatant fluid w as opales 
cent and pale j ellow in color The sediment consisted of tw o la} ers (1) 

Tabij: III 


Fractional Cenlnfugahon of Enzyme 


Stage 

Gravitational 

6eld 

Contrifu^tiOD 

tune 

OOl IQ pf«€QCe 
of 

phenylaUniac 

1 Fresh cell suspension 
i Supernatant after ultrasonic irradiation 

£ 

mtn 

m 

p and 1st centnfugation 

5 Supernatant of (2) after 2nd centnfuga 

2,600 

30 

so 

tion 

3,100 

120 

5S 

i Sediment of (2) after 2nd centnfugation 

5 Supernatant of (3) after 3rd centnfuga 

3,100 

120 

OS 

tion 

100,000 

23 

25 

6 Sediment of (3) after 3rd centnfugation 

100,000 

23 

290 


a low er hard packed la} er of intact cells and (2) an upper gelatinous la} er of 
ghost cells and d6bns 

The neutral, cell-free enzyme solution was stable for weeks at 0° Sta- 
bihty decreased as the p H w as low ered , below pH 4 the enz}Tne w as rapidl} 
inactivated There w as no loss in actmty followmg either prolonged dial} - 
SIS against neutral buffer solutions or precipitation with ammonium sulfate 

The Z-amino acid oxidase is associated with small particles which can be 
readily separated from intact cells by differential centnfugation In a 
gravitational field of 2600 X p, 1 hour sufficed to sediment quantitatn e } 
all bactenal cells, although httle, if any, enzyme was sedimented from so u 
tion (c/ Table HI) In a grantational field of 3100 X g about 35 ^ cen 
of the enzyme was sedimented in 2 hours, whereas in a field of 
over 58 per cent of the enz}mie w as sedimented in 23 minutes * f 
sence of phenylalanine as substrate, the QOz of the 
obtamed after high speed centnfugation w as 290 in contrast to or 
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intact fresli cell and 89 for the cell-free juice after removal of the intact 
bacterial cells 

AboA'e 60°, the enzyme in neutral salt solution is unstable Thus, 5 
minutes at 55° destroyed 78 per cent of the actmty, while 5 minutes at 60° 
destroj ed all actmty The importance of efficient coohng dunng eNposure 
to ultrasonic radiation is therefore obnous 

EnzjTne activity v as follow ed either manometrically by measurmg the 
late of oxygen uptake or colorimetiically in Thunberg tubes by following 
the decolonzation time of methylene blue The results obtamed bj these 
two methods w ere in good agreement Apparently the i ate of oxidation is 



Fig 1 Reaction velocity as a function of pH Each manometer vessel contained 
0 5 cc of enzyme, 1 cc of 0 1 iji 1-leucine, and 1 5 cc of 0 5 si buffer Final volume 3 
cc , alkali in center well, 38'’ The following symbols indicate the nature of the 
buffer, D acetate, O phosphate, and A dimethylglycine 

practically identical w hether oxygen or methylene blue is used as hydrogen 
acceptoi In the manometric runs air w as used m the gas space Substi- 
tution of an atmosphere of pure oxygen for air had no influence on the rate 
of oxygen consumption This indicated that the Iinuting reaction was not 
th^rate of oxidation of the reduced enzyme b}'- oxj'gen Consistent xvith 
this mterpretation w as the fact that hy drogen acceptors like methylene blue 
did not increase the rate of oxy^gen uptake Probably the limitmg factor m 
the over-all reaction was the rate of reduction of the enzyme by the sub- 
strate 

Figs 1 to 4 show' the dependence of reaction x'elocity on pH, concentration 
of substrate, concentiation of enzx me, and temperature respectively' The 




3Q4 
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optimum pH is 6 8 The molar concentration of substrate at uhich half the 
maximum velocity is reached is about 6 X lO-^" Above 1 2 X 10-* u, 
increase in the concentration of substrate does not lead to anj' change in the 
velocity of oxidation Between 30-50° there is a straight hne relation be 
tween \elocity and temperature Abo\e 50° enzjTne destruction became 



Fio 2 Reaction velocity as a function of substrate concentration Each manom 
eter vessel contained 0 5 cc of enzyme and 1 cc of 0 1 u phosphate buffer of pH 7 1 
I Final volume 3 cc , alkali in center well, 3S° 



Fig 3 Reaction \ elocitj as a function of enrjTne concentration Each manom 
eter vessel contained 1 cc of 0 1 it t-leucine and 1 cc of 0 1 M phosphate buffer o p 
7 1 Final volume 3 cc , alkali in center well, 38° 

increasinglj important However, there is no simple explanation of the 
break in the cun'e below 30° Over a restneted innge of enzy-me 
tration, the rate of oxj gen uptake is stnctly proportional to t e 
concentration "RTien the rate exceeds 100 c mm of 0* per 
diffusion of oxygen from the gas space mto the solution becomes a 
factor under the conditions of the experiment and the linear re 
longer holds 
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Inlnbxlors — Table IV summarizes the effects of various inhibitors on the 
actmty of 1-ammo acid oxidase Arsemte, fluonde, azide, lodoacetate, and 
sulfatluazole vere without effect 001 m HCN inhibited the enaj^e 88 



Fig 4 Reaction velocit} as a function of temperature Each Thunberg tube con- 
tained 1 cc of 0 1 M Z-leucine, 0 2 cc of 0 1 per cent meth)lene blue, 1 cc ofenz>me, 
and 1 cc of 0 05 m phosphate buffer of pH 7 1, 38° 


Table IV 

Effect of Various Reagents on Actmty of Ensyme 


Reagent 

Final concentration 

Inhibition 

(aerobic 

conditions) 

Silver nitrate 

m/1000 

per cent 

100 

Cupric sulfate 

m/1000 

62 

Mercunc chloride 

m/1000 

lOO 

Sodium benzoate 

m/100 

0 

“ azide 

m/100 

O 

“ cjanide 

m/300 

76 

It tt 

m/3000 

22 

“ arsemte 

m/1000 

0 

“ fluoride 

m/100 

0 

Sulfathi azole 

m/100 

0 

lodoacetio acid 

m/IOO 

O 

Caprylic alcohol 

Saturated solution 

lOO 


per cent when activity was estimated manometricallj under aerobic condi- 
tions How^ever, no inhibition with this concentration of cjamde was 
observed when activity was estimated anaerobicall}’’ m Thunberg tubes 
This indicated that cyanide inhibited the oxidation of the reduced enzjme 
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by molecular oxygen, and not the reduction of the enzyme bj its substrate 
Capryhc alcohol, even m the minute traces in -which it dissohes in water, 
completely inhibited the activity of the enzyme, both anaerobically and 
aerobically Heavy metals like silver, coppei , and mercury w ere also toxic 
m loiv concentrations 0 01 m benzoic acid, ivhich completelj inhibits the 
oxidation of the d-ammo acid oxidase (4) and glycine o-xidase (5) of animal 
tissues, -w'as -without any effect on the Proteus enzyme The I ammo acid 
oxidase of rat kidney ivas similarly insensitive to this reagent 
Dtstnhulion of Enzyme tn Bacteria — Our catena for the presence in other 
bacteria of an enzyme correspondmg m specificity to the Z-amino acid o\i 
dase of Proteus mlgans has been an increased rate of oxygen uptake m the 
presence of phenylalamne as substrate The bactenal suspensions tested 
were thoroughly washed to reduce the blank uptake to negligible proper 
tions The equivalent of the Proteus enzyme w as found m Aerohader aero 
genes and Pseudomonas pyocyaneus, but not in Eschenehta coh, Strepto- 
coccus hemolyticus, Diplococcus pneumoniae, Salmonella paratyphi, Bacillus 
sublilis, Staphylococcus aureus, and Sarcina lutea 


EXPERIMENTAL 


Preparation of Cell Suspensions — Proteus vulgans (Strain X-19) was 
grown in Roux bottles on meat infusion agar for 16 hours at 37® The bac 
tena were harvested by ivashing off the surface growch with small portions 
of distilled -w ater, and then filtenng the w ashings through a double layer of 
muslin to remove agar particles After hard packing in the centrifuge, the 
bactena were i esuspended and iv ashed t\\ o times -with distilled water The 
final thick paste of cells was stored at 0° m 0 05 m phosphate buffer at pH 
7 4 For manometne experiments, the stock suspension was diluted 1 50 


-with 0 05 M phosphate buffer of pH 7 4, and for exposure to ultrasomc irra 
diation it was diluted mth an equal volume of distilled water 
Disintegration of Proteus vulgans — Cell suspensions of Proteus vulgai^ 
were rapidly disintegrated by exposure to ultrasound which was generated 
by a crystal-conti oiled oscillatoi operating at 1000 volts and putting out 
500 watts The piezoelectnc quartz crystal used was 3 inches in diameter 
and was ground to a frequency of 600 kc To prevent overheating 
diated bactenal suspensions, the transformer oil which surrounde o 
crystal completely was circulated contmuously by a centrifugal pump 
through copper coils in an ice-water nuxture The temperature o ce 


suspensions was never allowed to nse above 38 

25 cc of a bactenal suspension contaimng 50 mg of dry w eight o 
per ce were irradiated for 20 mmutes m a 200 cc volumetnc 
distance between the upper face of the quartz crystal and the ° . 

flask could be adjusted cntically by a rack and puuon device ^ 
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flask ^\as clamped After irradiation, the suspension iias spun doira mth 
hard packing in a conical head centnfuge o\er a penod of 2 hours The 
3 elloM , opalescent supernatant fluid nas again centnfuged for an additional 
hour to insure that all cells uere removed and was then stored at 0“ 

Sources of A7mnoActds — Z-Leueme, dZ-phenylalamne, Z-prohne, Z-arginme, 
and Z-lustidine w ere products of Merck and Company All the other amino 
acids used a ere obtained from the Eastman Kodak Compmy We are in 
debied to Dr S Ratner for a sample of dZ-N-methylleucme and to Dr V 
du Vigneaud for samples of £ZZ-N-meth3 Ihistidme and dZ-N-methylme- 
thionine 

Method of EsiimeUion — ^After the reaction mixtures were deproteimzed 
by addition of freshly prepared metaphosphonc acid (final concentration 
1 4 m) ahquots w ere taken for estimation of NHj and Leto acids Ammoma 
was dnven o\ ei into bone acid by aeration at room temperature, according 
to the method of Sobel,’ and then estimated by titration with n/ 70 HCl by 
use of the micro burette of Scholander etal (6) Keto acids v ere estimated 
by the bisulfite method of Clift and Cook (7) Coirection factors of 1 15 
and 1 12 nere emplo3'ed for the keto acids of leucine and phenylalamne, 
respectively 

S ,4-DtmtTophenylhydrazones of Keto Acids — 50 cc of a 2 per cent solution 
or suspension of the ammo acid m 0 05 m phosphate buffer of pH 7 4 vere 
mixed mth an equal volume of bactenal suspension (stock suspension 
diluted 1 10) The mixture was aerated at 37® and the rate of the reaction 
followed manometncally m a pilot run When no further 0x3 gen uptake 
was observed, other than that due to the suspension without substrate, the 
mixture was centnfuged and the clear supernatant fluid mixed with | vol- 
ume of 6 N HCI A 2 N HCl solution contaimng the theoretical quantity of 
2,4-dmitrophenylhydrazme was then added The hydrazones were le- 
crystalhzed to constant meltmg point from mixtures of ethyl acetate and 
hgroin (cf Table V) 

The 2,4-dmitrophenylhydrazone of mdolepynivic acid rapidly resmified 
when exposed to acid at temperatures greatei than 30° Precaution was 
therefore taken to form and process the h3'drazone at 0° The hydrazones 
of the keto acids corresponding to leucine and t3Tosme were separated from 
the hydrazones of the decarboxylation products of the keto acids by extract- 
mg the ethyl acetate solutions with 10 per cent sodium bicarbonate This 
procedure left behmd the non-acidic hydrazones m the ethyl acetate phase 

The hydrazones of the keto acids corresponding to argmme and histidine 
were msoluble m all common orgamc solvents, m water, and m 10 per cent 
sodium bicarbonate, but they were soluble m hot 3 x HCl The hydrazones 
were dissolved m twice the minimum volume of hot 3 x HCl and allow ed to 
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crystallize out at 0° as the hydrated hydrochlondes This procedure aas 
repeated until a constant melting point had been reached The hj drochlo- 
ndes were converted to the free bases by heatmg at l40° for some 50 hours 
at 1 nun of Ug pressure The crystalline structure of the hydrochlorides 
disappeared during the heating, and m both cases fine amorphous powders 
were obtained with a higher decomposition pomt 
Preparation of d-Amino Acids — ^From dZ-amino acids, the d forms were 
prepared in good yield by the selective oxidation of the I forms Samples of 

Table V 


Analyses of 2,4 Dmttrophenylhydrazoiies 


2 4 Dmitroplienylhydrazone of 

M p 

Decom 

position 

point 

Calculated 

Found 

C 

H 

N 

Cl 

C 

H 

N 

Cl 


*C 



per 

per 

Per 

Per 

per 

per 

per 





cent 

cent 

Cent 

cent 

cent 

cent 

cent 

Phenylpyruvic acid 

187* 




16 26 



3 9 ^ 

15 8 


P Indolepyruvic acid 

169 



3 42 

18 27 


63 14 

3 7£ 

17 4 


p HydroxyphenylpyTuvic 



||H 








acid 

17S* 



3 36 

15 55 


49 76 

3 66 

15 14 


a Keto y methiobutyno 











acid 

149* 



3 68 

ffliM 


40 25 

3 73 

16 63 


a Keto 2 methylvalenc 











acid 

171* 


46 46 

4 55 

IKM 


46 41 

4 59 

17 97 


a Ketocaproic acid 

134 


46 46 

4 55 

fST 


46 67 

4 60 

18 11 


a Ketoisocaproic acid 

155 


46 46 

4 55 

Ban 


46 47 

m 

17 68 


a Ketovalenc acid 

160 


44 68 

Elia 

18 92 


44 67 

4 09 

18 63 


(3-Iraidazolepyruvic acid 











hydrochloride 2 H 2 O 


192 

35 4 

3 72 


8 73 

35 8 

m 


8 65 

P Imidazolepyruvic acid 


239 

43 12 

KliwI 



42 74 

2 87 



a Keto 5 guanidovalenc 











acid hydrochloride IH 0 


216 

35 4 

4 21 


8 69 

35 6 

i 1 


8 67 

a Keto 5 guanidovalenc 











acid 


267 

40 79 

4 28 



m 

4 





*Cf (S) 


pure d-methionme, d-leucine, and d-phenylalamne have been thus prepared 
The following is a typical method of preparation 

100 cc of a 2 per cent solution of dJ-methiomne w'ere mixed with 10 cc o 
a fresh stock suspension of Proteus vidgans and the mixture was aerate or 
5 hours at 37°, at which time the manometnc pilot run showed no u er 
oxygen uptake The mixture was centrifuged and the clear supema n 
fluid was evaporated to dryness m vacuo The residue was taken up m 
cc of water and centrifuged to remove insoluble material The c ear so 
tion was warmed on a steam bath, and alcohol added to incipient ur 














P K STUMPF AND D E GREEN 


399 


After t^\o recrjstallizations, thej’ieldwasO 5gm , [alo® = +7 5,N9 25 per 
cent The sample of d-methionme was not attacked by the Z-enzyme of 
Proteus vulgaris but was completely oxidized by the d-ammo acid oxidase of 
pig kidney 


SUMMARY 

Proteus vulgans contains an enzyme which catalyzes the oxidative deami- 
nation of norleucine, phenylalanine, leucine, tryptophane, methionine, 
tyrosine, norvahne, histidine, argimne, isoleucine, and a-anunobutync acid, 
the velocities being in the order named For each molecule of ammo acid 
oxidized, 1 atom of o\j gen is taken up and 1 molecule of keto acid and am- 
monia formed The enzj'me is associated mth insoluble particles iihich 
can be sedimented effectively only m gravitational fields higher than 3000 
X g 

We are indebted to Miss Pauh for growing large quantities of Proteus 
vulgans, to Dr D Moore for carrying out ultracentnfugal runs, and to Mr 
Wilham Saschek for the C, H, N analyses This work has been supported 
by the John and Mary R Markle Foundation, the Rockefeller Foundation, 
the Wilhams-Waterman Fund of the Research Corporation, the Nutntion 
Foundation, and the Lederle Laboratones The piezoelectric quartz 
crj'stals for the ultrasomc apparatus were obtained through the generosity 
of the Federal Telephone and Radio Corporation and the August E Miller 
Laboratones 
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The feeding to rats of a small amount of ammo acid in which the a-ammo 
nitrogen is labeled mth heavi-- nitrogen (N*®) results m the mcorporation 
of about 50 per cent of the labeled nitrogen into the proteins of the animal 
tissues A considerable proportion of the marked nitrogen m the proteins 
IS still attached to the same species of carbon chain as existed m the com- 
pound fed This IS due to a direct introduction of the dietary ammo acid 
mto the protein by a process w hich involves the opemng and closing of at 
least two peptide bonds The amount of N*^ thereby introduced depends 
on the speed of sphttmg and reformation of peptide bonds and on the con- 
centration of N*' m the ammo acid available for synthesis at the site of 
reaction (1) 

The remamder (about two-thirds) of the N'® m the protem is found in 
the other ammo acids and its presence there is due to transfer of mtrogen 
from the labeled ammo acid to the other ammo acid precursors, presumably 
keto aads The amount of N‘* introduced will depend on the rapiditj of 
the processes, nhich mvolve transamination (2, 3), deammation, and re- 
ammation (4) The new ammo acids, once formed, can be directly in- 
corporated mto the protem 

The concentration of N“ m a protem after the feedmg of an isotopic 
ammo acid has been taken (5) as a measure of the over-all chemical activity 
or rate of regeneration of the proteins of specific organs or tissues Al- 
though there is no direct method for detennmmg the dilution of the dietary 
ammo acid by the same species of compound already present m the or- 
ganism, it has been possible to conclude that the chemical acti\ itj of hver, 
plasma, and mtestmal tract proteins is high as compared to that of muscle, 
skm, and connective tissue proteins (1) When leucine labeled mth both 
deutenum and nitrogen was fed to rats for 3 days (1), at least 24 per cent 
of the leueme molecules onginallj present m the protem of the rat liier 
had been replaced by dietary leueme The replacement uould be lialf 
completed m about 7 days In the same 3 day penod more than one-third 
of this deposited leueme had lost its original mtrogen and had been regen- 
erated with mtrogen from other sources This expenment gi\ es no indica- 
tion as to the amount of leucine transferred to the hver piotems from other 
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tissue proteins Interpretation of such experiments, when earned out with 
non-essential ammo acids, is further compheated by the abiiit} of the or 
ganism to sjmthesize the carbon cham of the amino acid Introduction of 
these newly synthesized ami n o acids into the protein will tend to lower 
rather than to raise the isotope concentration 

It does not at present seem feasible to determme the isotope concentre 
tion of the ammo acids actuall 3 '^ available for incorporation into protein 
at the site of the biological synthesis, but a technique pre\nousl 3 utilized 
in this laboratoiy' for the study of synthesis and degradation of creatme 
(6), blood proteins, and antibodies (7) is apphcable A labeled compound 
IS fed until adequate amounts are deposited, the rate at which the isotope 
then disappears from the tissue or tissues is a direct measure of metabolic 
actmty 

In order to obtain more information on the rates of mcoiporation of 
armno acids mto proteins and the transfer of nitrogen from one carbon 
structure to another, a small proportion of isotopic gl 3 Tine was incorporated 
in the diet of a number of rats for 3 days, the animals were killed m groups 
at mten'als durmg the ensumg week, and the isotope concentration deter 
^mmed in specific tissues and certain of the ammo acid components of their 
fproteins From the data so obtamed, it is possible to stud 3 the transfer of 
o-nitrogen among the aimno acids of an organ, as w ell as the rate of transfer 
of mtrogen among the organs In order to secure supplementary mforma- 
tion, it was considered desirable to study the process m tumor tissue as well 
as in normal tissue Rats moculated with a transplantable Sarcoma R-39 
were accordmgiy employed in this experiment 


EXPEHISIENTAL 


Preparation of Glycine — Glymine was synthesized m the manner desenbed 
by' Schoenheiraer and Ratner (8) It contained 34 4 atom per cent evceis 
N** Found,* N 19 1, theoo’, N 19 0 
Feeding Experiment — Sixteen rats were inoculated with a transplanted 
Sarcoma R-39 under the skin of the rear thigh - 10 days after transplanta 
tion, ten rats were selected m which the tumors were not ulcerated an 
showed least signs of autoly'sis , 

These ten animals had an aierage weight of 122 gm (116 to 134 ^1 
They were given a diet of the foUowmg percentage composition starch , 
yeast 5, salt mixture (9) 4, pure cottonseed oil (^’’esson oil) 6, cod In er oi 


1 In these calculations the atomic weight of mtrogen is taken to be 14 34, Bincc it 

contained 34 4 atom per cent excess Research of 

.We are indebted to Dr W H Woglom of the Department of Cancer^ 
Columbia Umxersitj both for preparing the transplants and for t 
cussiODS on ttie results of these expenroents 
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This diet contains 0 4 per cent N As the rats consumed 9 gm of diet per 
day, they thus received 36 mg of unmarked nitrogen daily After 2 days 
on this diet, each rat received in addition 146 mg of the isotopic glycme 
each day for 3 days 

After they had received the glycine for 3 days, three of the rats vere 
killed (Group 0) The remaming seven rats were then kept on the stock 
diet After 2 days, two of them were killed (Group 2) 2 days later (4 

days after the rats had been put back on the stock diet) two other rats were 
killed (Group 4) The remammg three rats were killed 7 days after bemg 


Table I 

A’’** Diatnbulion in Proteins of Organs 


Tissue 

No of rats 

Group No 

Protein 

Ni* concea 
tration in 
non ^otem 

Total N 

N» concen 
tration 





atom Per cent 

atom per cent 





excess iV» 

excess 

Carcass 

3 


6710 

0 217 

0 509 

C( 

2 

2 

4260 

0 236 



2 

4 

4340 

0 243 

0 459 


3 

7 

6400 

0 278 


Liver 

3 


375 

1 34 

2 48 

(( 

2 

2 

202 

1 19 

1 75 

(< 

2 

4 


1 03 

1 52 


3 

7 

257 

0 857 

1 38 

Internal organs 

3 


385 

0 860 

1 89 

ft it 

2 

2 


0 767 

1 46 

tf 

2 

4 

257 

0 696 

mmM 

li l( 

3 

7 

337 

0 603 


Tumor 

3 


357 

1 13 

2 79 

(( 

2 

2 


1 22 

2 37 

It 

2 

4 


1 15 

1 88 

t( 

3 


315 

1 03 

1 68 


put back on the stock diet (Group 7) The proteins of each group of ani- 
mals were separated into four mam fractions, (a) liver, (6) tumor, (c) 
internal organs which mcluded spleen, mtestmal tract, kidnej^, and heart, 
and (d) the rest of the animal carcass which is pnncipallj muscle and skin 
Each protem fraction was extracted thoroughly -mth 10 per cent trichloro- 
acetic acid to remove non-protein N The sixteen protein fractions vere 
hydrolyzed with 20 per cent HCl The isotope concentration of the pro- 
teins and the non-protein of the tissues of the liver, internal organs, carcass, 
and tumor are given in Table I 

Urinary Constituents — -From the moment of addition of the labeled 
glycine, unne was collected Dunng the first 3 days, the rats v ere divided 
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into two groups containmg three and seven rats The unne of the three 
rats composing Group 0 nas called Unne Oa, and that of the lemaming 
seven rats was called Unne Ob The urinary output of the seven rats 
during the succeeding days is called Unne 2 Tlie unne output of the fii e 
remaining rats of the next 2 days was called Unne 4, and of the remaining 
three rats for the last 3 days, Unne 7 The nitrogen content and isotope 
concentration of the total unne, urea, and ammoma are given in Table II 
0 attempt was made to obtam a complete balance of the N“ administered 
Ammonia was obtamed from the unnes by absorption with pennutit and, 
from the filtrate, urea uas isolated as dixanthj drylurca 
It is obvious that the isotope concentration of the unne must depend 
not onlj' on the amount of the labeled amino acid metaboluied but also on 
the total amount of nitrogen excreted The isotope concentrations of 


Table II 


JV*® Concentration of Vnnary Constituents 


1 

Penod 

So 

1 

Unne 

So 

1 

So of , 
rats j 

1 

period 
of co! 
tectiOQ 

i 

TolilN 

excreted 

N ficreled 
J>er rat 
per day 

S** con 
centra Uoa; 
of urue ; 

1 

excreted 
perm 
per day 

N“ con 
centration 
of urea ; 

Ni‘coa 

ceotnttca 

oiuruary 

NHi 



i 

dffyj 

m tq 

m eq 

Bm 

ffl iq j 

OUft 
fer (tni 

B 

0 

Oa 

3 

3 

24 2 

2 69 

2 16 


2 33 



Ob 

1 7 

3 

37 2 

1 77 

3 Oi 

tB 

3 28 


2 

2 


2 

28 8 

2 06 

2 18 

' 0 0449 

2 33 


4 

4 


I 2 

20 7 

2 07 

! I 43 

' 0 0296 

1 35 

1 36 

7 

HI 


! 3 

15 0 

1 67 

! 1 12 

0 0187 

1 04 

1 » 


Unnes Oa and Ob were markedly different, but the amount of N*' excreted 
daily per rat is almost the same in the tvo groups, namely, 0 058 and 0 054 
milhequivalent of N“ 

As in previous experiments m which glycine vas fed to rats, the concen- 
tration of N^'’ in the urea was shghtly less than m the ammonia of the unne 
obtamed during the feedmg penod In the three penods after cessation o 
glycme feedmg the ratio of the concentration of N'® m the ammoma to t a 
of the urea drops below umty, then nses agam Despite the low nitrogen 
content of the diet (2 6 jmllieqmvalents per day) the animals were m approx- 
imate nitrogen balance The tumor has had no obvious effect on t e iso 
tope distribution (10) m the urmary constituents 

Isolahon of Ammo Acids— Ammo acids uere isolated from the P™ 
hydiobaate by the usual procedures TjTOsme was isolated by isoe e 
precipitation Glutamic acid was isolated by precip^tion 
m alcohol and reprecipitated as the hydrochJonde Histidine was 
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as the ihercunc complex (11) and purified as the 3,4-dichlorobenzenesul- 
fonate (12) 

Glycme was isolated as the tnoxalatochroimate by the method of Berg- 
mann et al (13) and purified as the p-toluenesulfonyl denvative Arginme 
was isolated as the flavianate and punfied either as the monohydrochlonde 
or as the p-toluenesulfonyl denvative 


Table III 


Analytical Constants of Isolated Amino Acids 


Tissue 

Group 

No 

p Toluenesulfonyl 
gl>cmc 

Argi 
' nine 
HCl 

Toluene- 
' sulfooyl 
argmiDc 

Glutamic 

HCl 

j Tyrosine 

3,4 Dichloro- 
benzcne- 
disulfonate 
of htstidme 

m 

Mp 




C 


per cent 
' N 

' per cent 
N 

per cent 
A 

per cent \ 

Carcass 

0 

6 12 

147-148 

26 6 


7 53 

7 78 

6 92 

<( " 

2 

6 12 

147-148 


16 8 

7 67 

7 74 

6 89 

<( 

4 

6 16 

147-148 


17 0 

7 63 


7 06 

Cl 

B 

6 11 

146-147 

26 6 


7 49 

7 67 

6 66 

Liver 

H 

6 06 

147-148 


16 9 

7 67 

7 74 


Cl 

2 



« 


7 70 

7 74 


Cl 

4 



* 1 





<< 

B 

5 8 

147 


16 7 

7 69 

7 54 


Internal organs 

B 

6 12 

147-148 


16 9 

7 71 

7 73 


CC II 

2 

6 13 

148 

* 


7 65 



<C CC 

4 

6 12 

147 

* 



7 75 


H 11 

B 

6 12 

146-147 


17 0 

7 60 

7 70 


Tumor 

B 

6 20 

146-147 


16 9 

7 64 

7 77 


41 

2 



* 


7 60t 

7 65 


14 

4 



* 


7 75 



44 

7 

6 12 

147 


17 0 

7 62t 

7 80 


Theory 


6 1 


26 6 

17 0 

7 63 

7 74 

6 88 


* Flavianate decomposed and analyzed 
t [ajo = 31 8° (calculated for glutamic acid) 


Protem hydrolysates were made alkahne with Ba(OB 02 and ammoma 
collected by aeration This is regarded as amide mtrogen 
The mtrogen detenrunation of all ammo acids isolated and the meltmg 
points of denvatives, when these were made, are given m Table III The 
isotope concentrations of the proteins and of the ammo acids of the proteins 
are plotted m Figs 1 to 5 

Distnbuhon of vn Arginine — To study the distnbution of N*' m 
the argmme, either the p-toluenesulfonylargmme or argmme monohydro- 
chlonde was refluxed with saturated Ba(OH )2 solution for 24 hours and the 
hberated ammoma swept into a dilute sulfunc acid trap by a stream of 

























I 3 3 4 5 6 7 

DiVYS AFTER feeding ISOTOPIC GLYCINE 

Fic 3 Concentration of N“ in liver constituents after feeding isotopic glycine 



Fig 4 Concentration of in internal organ constituents after feeding isotopic 
glycine 
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mtrogen The omithme was isolated either as the a-p toluenesulfonil 
denvative or as the dibenzoyl denvative (Table IV) 



Fig 5 Concentration of N‘* in tumor constituents after feeding isotopic glycine 

Table IV 


ConceniraCton of iV*' tn Amtdtnc and Omithtne Ntirogm of Argtmne 
The values are given in atom per cent excess N'* 


Tissue 

Croup Vo 


coocefitratioos in 


Argimne 

Atnidine K 

Onuthloe 

found 

Oniltlufie* 

okaUtcd 

Carcass 

0 

0 070 

0 106 

0 031 

0034 

II 

2 

0 090 

0 112 


0 06S 

II 

4 

0 109 

0 157 

0 063 

0 061 

It 

7 

0 147 

0 204 

00S7 

0 090 

Liver 

0 

0 967 

I 86 


0 07 

0 43 

11 

4 

0 SS4 

1 28 



* These values are calculated from the isotope concentrations of the argininesinl 


the anndine nitrogen ComiUiine = SCatximat — Cunidnn 

DistnbuUon ofm^ tn Omiihtne-To 0 5 gm of a-toluenesulfonj lonutJune 

(prepared from the arguune of carcass from Group 4) m 10 cc o to < 
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CO of a 30 per cent solution of banum nitnte and 5 cc of glacial acetic acid 
were added After 24 hours at room temperature the reaction mixture was 
extracted contmuously with ether for 8 hours The ether was evaporated 
off from the ethereal extract and the residue freed of acetic acid by evapora- 
tion m a vacuum desiccator over sodium hydroxide The residue was 
dissolved m alcohol and precipitated as an oil by the addition of water 
The dry oily matenal behaved as a lactone on titration with standard alkali 
The eqmvalent weight deter min ed by back titration after the matenal ivas 
dissolved in a shght excess of warm alkah was found to be 270, calculated 
for the lactone of a-toluenesulfonamino-i-h 3 'dro\yvalenc acid (CuHuOiNS) 
269 Calculated, N 5 2, found, N 5 0 

As the lactone could not be crystalhzed, it was converted into the amide 
of a-toluenesulfonammo-5-hydroxyvalenc acid by treatment with 50 cc 
of concentrated aqueous ammonia or 50 cc of saturated ammoniacal alco- 
hol solution The solution was kept at 0° for 24 to 48 hours The solution 
was then taken to dryness in vacuo on a u ater bath kept at 40-50° The 
residue was reciystalhzed several times from alcohol Yield 50 mg , 
mp 182-183° with decomposition The meltmg pomt was markedly 
depressed when the matenal was mixed with o'-toluenesulfonylomithme 

ChHhOiNiS CtJoulated C 50 31, H 6 34, N 9 78, amide N 4 89 
Found “ SO 33, “ 6 51, “ 9 74, " " 4 85 

The N*' concentration was 0 032 atom per cent excess 
No attempt was made actually to determine the position of the hydroxy 
group m the above compound It is well known that m some cases treat- 
ment of terminal ammo groups with nitrous acid may result m a shift 
giving a secondary rather than the expected primary alcohol It is imma- 
tenal for the determmation of the distnbution of N“ in ormthme whether a 
secondary or a primary alcohol was formed 
An exploratory experiment was earned out to detennme whether the 
tumor had any marked effect on the nitrogen turnover of the liver protein 
Two normal rats (225 and 231 gm ) nere kept on the same diet as in the 
above expenment To this basal diet were added 25 mg of glycme pei 
100 gm of rat (N^^ concentration, 33 7 atom per cent N‘^ excess) for 3 
days One rat (Rat A) was killed 24 hours after the last addition of labeled 
glycme |The other rat (Rat B) was kept for 10 days on the basal diet and 
then sacrificed The liver and carcass protein hydrolysates prepared as in 
the above expenment were analyzed foi N*' The atom per cent 
excess found in Rat A was 0 548 for the hver and 0 079 for the carcass, for 
Rat B, 0 250 and 0 079 respectively This expenment mdicates that the 
turnover rate was not different m these animals from those which had tumors 
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DISCUSSION 


Proteins — From the sums of the numbers of equivalents of N*‘ and of 
total nitrogen respectively in the protems of the entire animal (see Table I) 
the general average N“ concentration (or average isotope concentration) 
can be calculated These values are 0 35, 0 36, 0 33, and 0 35 atom per 
cent N“ excess for Groups 0, 2, 4, and 7 respectively The non-protem 
N was not included in this calculation, as a large part of it is urea and is not 
available for synthetic reactions As after cessation of the feedmg of 
labeled glj^cine the normal nitrogen intake, 36 mg per rat per day, was small 
in comparison to the total nitrogen content of a rat, the average isotope 
concentration for the animal as a whole should remam almost constant 
In every tissue protein the isotope concentration should theoretically 
approach this value with time, from either direction 
In agreement with this prediction, the isotope concentration of the car- 
cass proteins, which are loner than the average dunng the exiierimental 
penod, was found to increase from Group 0 through Group 7 With the 
exception of the total tumor protem, the other protems, nbch start abme 
the average isotope concentration, steadily decrease mth time (Fig 1) 
The total tumor protem initially increases in isotope concentration, then 
-lowly decreases The isotope concentrations of the non-protem N m the 
different organs from any particular group of animals differ considerabl) 
This IS notable, as the nitrogenous constituents of the non-protem N 
are freely diffusible and should rapidly equihbrate For ready companson 
the isotope concentrations of N*® in the protems of the vanous tissues are 
plotted in Fig 1, in v hich is also drawn the average isotope concentration 
for the several groups of animals These values are remarkably constant, 
indicating that m each group of animals very nearly the same amount of 
labeled glycme nitrogen has been deposited per gm of total nitrogen Had 
the experiment continued for a sufficiently long penod, all the nitrogen 
which interacts with the dietary glycme nitrogen should have reached this 
concentration After the inclusion of labeled glycine in the diet had been 
discontinued, all the metabohcally active compounds hanng an isotope 
concentration higher than the general average should tend to decrease in 
isotope concentration, all metabohcally active compounds having a lower 
concentration of should tend to increase in isotope concentration, 
approaching the average value Of course the mtrogen compounds w c 
do not interact vuth the dietary mtrogen, such as Ij'sine, will not increa-e 
in isotope content, and compounds contammg 2 or more nitrogen a oms, 
of which some do not interchange, mil approach a level propo ion 


lower than the average , (ig 

The isotope concentrations in Group 0 are smular to those fo 
previous glycme experiment (10) The mtrogen of the carcass pro 
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has an isotope concentration of about one-seventh that of hver, though, 
because it has a much larger total nitrogen content, the carcass has accepted 
more glycine nitrogen As can be expected, the mtrogen of the hver pro- 
teins, vhich mitiallj' has an isotope concentration above the average, de- 
clines in concentration as the expenment proceeds If, as we assume, the 
liver piotein mil eventually reach the average value, then, when the liver 
protein reaches a concentration of 0 84 atom pei cent excess N“ (half way 
from 1 34 to the average of 0 35 per cent), approximately half of the labeled 
mtrogen mil have been tiansferred to the other organs and in turn mil have 
been replaced by nitrogen of the other organs The time for this v as esti- 
mated to be about 7 days This calculation is not exact, for the concentra- 
tion of isotope m the mtrogen available to the hver may not be the general 
average for the proteins of the rat, though it must be quite close to it On 
the basic assumption that the labeled mtrogen is tieated no differently from 
the normal nitrogen, the time during which the N*® concentration drops to 
0 84 per cent mil also be the time necessary foi half the nitrogen of the hver 
to be regenerated It represents a resultant of the various rates of transfer 
of all the ammo acids of the protein 

The half life time of the livers of these animals seems m no detectable 
way to be influenced by the presence of a sarcoma in the animal For, 
from the data obtained on the hvers of the normal animals (see above) 
the half life time of the liver proteins can be calculated This was found 
to be 6 5 days This calculation also took into account the fact that the 
excess concentration of the hver was approachmg, not zero, but the 
general average excess N*® concentration, which was estimated to be 0 09 
atom per cent N*® excess, slightly higher than the concentration of the 
carcass observed at the end of the experiments 

The nse in isotope concentration of the carcass proteins is the result of 
the transfer of isotopically nch nitrogen to the carcass from other organs 
The values for the internal organs represent the anal 3 'sis of a mixture of 
tissues, all of which may have different mean rates of nitrogen metabolism 
Smce they fall between those for the hver and those for the carcass, the 
slope of the N’® concentration curve is not simply related to the half time of 
nitrogen regeneration but will depend on the relative rates of nitrogen 
transfer from the hver and the carcass to these tissues It is obvious that 
if the internal organ-carcass nitrogen interactions w ere very slow and the 
internal organ-hver interaction fast, at least dunng the first 6 days, a 
regeneration could be indicated by a nsing N’® concentration The actual 
slope of the curve wall depend on the rates of these two intei actions as well 
as the regeneration rate 

It seems plausible, however, that the internal organs are recemng their 
nitrogen pnncipally from the carcass, since the X'* level is dropping AVe 
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can, by a calculation similar to that used in the case of the liver, estimate 
the half tune of regeneration (tune necessary to reach 0 60 per cent) to be 
about 7 days Any transfer of mtrogen from the liver to the mtemal organs 
mil tend to decrease the slope ol the curve showing the relation of concen 
tration to tune for the internal organs and would thus yield a half tune 
longer than the true one Tlie estimate of the half tune of the liver protein 
IS m turn subject to similar considerations, for, from the 2nd to the 7th day, 
the tumor protein has a higher concentration than the hver It is doubtful 
that these considerations are quantitatively important 

Liver — ^The isotope concentrations m all the constituents which we haie 
isolated from the livers of the four groups, ivith the exception of tyrosme, 
decrease with time 

At the end of the 3 day penod m which labeled glycme was fed (Fig 3), 
18 per cent (6 3 X 100/34 4) of the glycme mtrogen of liver protem had 
been replaced by dietaiy gl j cine mtrogen Shghtly over 6 per cent of the 
lix er glycme has been replaced each day in the protein bj' dietarj’- glycme 
This rate of replacement is a minimum value, smce in the calculation we 
nssume that the dietary glj cine fed is available to the cell undiluted b> 
pieformed glycme of the tissues or bj newly synthesized glycme, neither of 
w hich presumably contains much isotope The actual rate of replacement 
must be higher than 6 per cent per day In a previous evpenment, in 
which the glycine supplement was one-half of that in this experiment, a 
minimum figure of 3 per cent pei day was found (10) From the slope of 
the glycine curve in Fig 3, the rate of glycme replacement can be calculated 
to be about 10 per cent per day at a mmumun, eqmvalent to a half time of 
5 to 6 days This value is nearly the same as the half tune for the transfer 
of nitrogen from h\ er to other proteins 

In this calculation w e assume that the isotope concentration in the glycme 
replacing the hver glj'cme is 0 70 atom per cent excess N*', i e , the ai erage 
isotope concentration in the carcass protem glycine If the ammo acid 
composition of the hver is not a function of the diet, then on an adequate 
nitrogen diet the rate of replacement of glycme m the hver protem should 
not increase by more than a factor of 2, smce it is imhkely that the concen 
tiation of free glycine can increase greatly by the feeding of protein 
large mflux of free gh’^cme would be expect^ to be rapidly oxidatne j 
deaminized We therefore conclude that m the normal rat liver at l^t 
per cent of the glycme is replaced by glycme of other organs or of t ® 

This figure compares w ith a i eplacement rate of 8 per cent per daj f<^ 
leucine in rat liver (1) These \alues lUustrate the remarkable chemic 

instability of the cell stiuctures ntrqfen 

We cannot determme from these data whether the rate-dete i^ncfer 
IS the sphttmg and refoi-mation of the peptide Imks or the nitrogen 
from glycine to other amino acids 
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It will be noted that tyrosine, which initially has an isotope concentra- 
tion of 0 32 atom per cent excess N*®, nses until, on the 7th day, it reaches 
a concentration of 0 38 atom per cent excess N*®, which is higher than the 
average As the isotope concentration in the liver tyrosine is greater than 
the tyrosme of the other tissues, this shows that the rate of transfer of 
nitrogen from the other ammo acids of the hver having a higher isotope 
concentration to tjTOsme is faster than the interchange of tyrosme of liver 
and other organs The chemical processes concerned with the redistnbu- 
tion of a-mtrogen in the hver seem to take place more rapidly than the 
hberation of intact ammo acids to other tissues 

The isotope concentration found in the glutamic acid is, durmg the entire 
experimental penod, nearly the same as that of the total protem mtrogen 
vluch represents the average N*® concentration of the ammo acids This 
IS true for the other proteins mvestigated and is in accord with the current 
new that glutamic acid occupies a central and very active part m the 
nitrogen transfer reactions 

Both the amide nitrogen and the non-protem N have isotope concentra- 
tions aTiove that of the piotein nitrogen As the composition of the non- 
pi otem N is not veil known, no conclusions can be drawn from this fact 
On the other hand, the ammonia available for formation of amide groups 
m the tissue proteins appears to have an isotope concentration considerably 
above that of the average protem mtrogen The isotope level m the aimde 
N will be discussed further with regard to urea formation 

Unne — ^As m the previous glycme experiment (10), the mitial ammoma 
isotope concentration is above that of the urea In the later penods these 
values approach each other (Fig 6) Durmg the entire experimental 
penod, however, the isotope concentration m the urea is above that of any 
protem of the animal body and above that of any mtrogenous sample other 
than hver glycme Accordmg to the Krebs and Henseleit “argmme cycle” 
theory (14), the isotope concentration of the urea formed at any moment 
should be the same as that of the “free argmme” of the hver The relation 
of free argmme to protem argmme has been discussed m a previous publica- 
tion (15) The concentration of N®® m the urea is much higher than that 
in the liver argmme at any penod Sufficient argmme was isolated from 
the livers of Groups 0 and 4, as well as from the carcass proteins of Groups 
0, 2, 4, and 7 to permit degradation and isotope analysis of the ormthme 
and ammoma These v^alues are given m Table IV As we did not m all 
cases obtam sufficient ormthme for N®® analj'sis, we hav'e calculated the 
N®® concentration of the ormthme from those of the argmme and the ami- 
dme group In those cases in nhich the ormthme was anab'zed, excellent 
agreement with the calculated values was found 
The isotope concentration of the urea excreted durmg the 3 day prelimi- 
nary feedmg penod by the three rats which were killed at the end of that 
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penod JS 2 33 atom per cent excess (see Table II), while the N'* concentn 
tion m the amidine group of the liver arginine of those animals is 1 86 atom 
per cent excess (see Table lA ) It is not surpnsing that these tao 
X'alues do not exactly agree, smce one of them is a 3 day average vhile the 
other IS a value at one instant At the beginning of the expenmental 
penod, the isotope concentration of the amidine group of the protein argi 
nine was zero and must have risen to the observ'ed value, 1 86 per cent 
The amidine group of the free aigimne, however, must have very rapidly 
taken up isotopic nitiogen liberated from the dietaiy glycine, for the rate of 



Fig 6 Concentration of N** in urinary constituents after feeding isotopic gljcine 


conversion of ammonia to urea is very rapid compared to the rate o in ro 
duction of labeled nitrogen into the protein ( ir 

In the animals sacrificed 4 days after the cessation of e in i 

the two values are apparently in much better agreement Here a o 
urea value is the average of the output for the 3rd and 4th ® . 

no direct information as to the average isotope concentration in e ™ 
group of the liver arginine for this penod, but it must certain j' a 
higher than 1 28 atom per cent excess The isotope concen 
grUmg was 1 86 per cent in Group 0 If the change of eonjntmtion ^ 
Lumed to be hnear with time, the concentration in Group 2 ca 
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estimated as 1 57 per cent and the average value of the amidme group 
for the 3rd and 4th days about 1 43 per cent N“ This rough value is in 
excellent agieenient mth the concentration found in the urea, 1 35 atom per 
cent excess We would expect that at this penod sufficient time had 
elapsed to permit the free arginine and protein arginine to attain the same 
isotope concentiation 

Wlien the isotope concentiation in the amidine of the carcass arginine 
was determined, it was found in all cases to be much lower than that of the 
unnary urea, in agreement wnth the view that the chief site ot urea forma- 
tion IS the liver 

The isotope concentrations in the liver amide nitrogen for Groups 0 
and 4 are very nearly the same as those of the amidine group of the hver 
arginine Similar results (amidme N, 0 069 per cent, amide N, 0 065 per 
cent) were found m the previous glycme expenment (10) We cannot 
conclude from these data that they support the theory of Leuthardt (16) 
that the amide nitrogen of glutamine is the source of the nitrogen of the 
amidme group of argmme, for these figures may be merely a reflection of 
the fact that both the amidme group and the amide groups are formed 
from ammonia However, when Meucme was fed (1), the amidme nitrogen 
had a considerably higher isotope concentration than the amide N (0 079 
and 0 051 respectively) In the expenment in which ammonium citiate 
was fed (17), the hver argmme had a higher concentration than the amide 
nitrogen This finding is consistent with the view that ammonia is directly 
employed m the argmme cycle 

Dunng the 7 days after cessation of labeled glycine feeding, Group 7 
excreted about 0 205 miUieqmvalent of per rat The total content 
of a rat hver at zero time m Group 0 was about 0 120 miUieqmvalent of 
N*®, and at the 7th da> 0 053 milliequivalent of Each hver thus lost 
about 0 067 millequivalent of dunng the 7 days but had excreted m the 
unne, pnncipally as urea, 0 205 milliequivalent of Other organs must 
have supplied N“ for excretion We are, how ever, faced with the difficulty 
that dunng the entire penod the isotope concentration of the unnarj”- urea 
is higher than that of any organ, with the exception of the tumor on the 7th 
day If, for example, the carcass were supplymg for excretion nitrogen 
of its own isotope concentration (0 25 atom per cent excess N^®), then the 
excreted nitrogen would be expected to have the same low' concentration 

There can be little doubt that the source of the major part of the urinary 
nitrogen is actually the carcass The fact that its aveiage isotope concen- 
tration IS much low'er than that of the excreted nitrogen can plausiblj' be 
explained by the hj^pothesis that the tissue we have called carcass is not 
only histologically heterogeneous but is also metabohcally heterogeneous, 
at least as regards rates of reaction For example, the muscle proteins may 
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consist of a small part of metabobcally active and a large part of relativelj 
mert components This active protem could be the source of the high 
concentration N*® employed by the hver for urea fonnation » 

Internal Organs— The mterpretation of the data denved from analysis 
of the mtemal organs is comphcated by the heterogeneity of the tissues 
The findmgs, however, represent the average behavior of metabohcallj 
active proteins and resemble the results found for the liver It is of interest 
that, as mentioned previously, the isotope concentrations m non-protein X 
and in anude N are qmte different from those of the hver The concentra 
tion of m the glycme falls with a half time of about 7 days (Fig 4) 
Carcass — ^As with the other proteins, the concentration of N“ in the glii 
tamic acid is very nearly the same as that m the total protem (Fig 2) 
The rapidity with which it comes to equihbnum with the aierage N'* 
content of all the other ammo acids emphasizes the central r61e which is 
played by this ammo acid (1, 2, 4) 

The isotope content of the tissue proteins of the carcass of Group 0 
and their component ammo acids, histidme, glutamic acid, tyrosme, and 
argmme, is lower than the average value (0 35 per cent) The curves of 
these protems and ammo acids have, therefore, a positive slope and nse 
toward the average isotope concentration (Fig 2) The N*' content of the 
glycme of Group 0 carcass was 0 68 per cent, tmce as high as the average, 
and became still higher m the later groups (Figs 2 and 7) It is obvious 
that the glycme of the carcass is not the immediate or only source of the 
nitrogen transferred to the other carcass ammo acids, for, if it were, its 
isotope concentration would fall The glycme, as well as the other ammo 
acids analyzed, must have either mteracted or been replaced by ammo 
acids of a higher isotope concentration It appears that tn the carcass the 
nitrogen tranter between glycine and the other ammo acids is overshadowed 
by the process of incorporation of residues of intact glycine onginaling in 
other tissues Liver glycme, transported by the blood as non-prot^ 
mtrogen or m blood protems, enters mto the muscle proteins faster than the 
muscle protems can redistnbute its nitrogen, the general transainmation 
rate must be relatively slow m the carcass 

Tumor Protein — The mterpretation of the isotope concentration o e 
tumor protems is comphcated by the rapid growth as veil as some necro^ 
of the central portions of the tumor Small samples (-^2 mg 
therefore taken of the peripheral tissue and concentrations of 
duectly determmed The values obtamed are shown m Fig 1 , ^,s 

mammg tissue vas worked up as were the other protem The J ^ 
concentration found m the penpheral tumor protem of Group 

» In a test expeninent ive have been able to fractionate the proteins of mu 
fractions having vadely different isotope concentrations 
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the rapid metabohsm of this protein as is also shown by the subsequent 
rapid dechne The tumor as a whole, however, seems to be shghtly less 
active than liver protem, but, in marked contrast, it increased m N*® 
concentration for 2 days after the feedmg of labeled glycine was discon- 
tinued This increase contmued until the concentration m hver and 
tumor became equal, then a slow decrease set m It must be emphasized 
that, in spite of the central necrosis, the isotope concentrations measured 
were of protein and not of non-protem N which had been removed by 



Fig 7 Concentration of N’* in glycine of various tissues after feeding isotopic 
glycine 

tnchloroacetic acid extraction The total tumor protem accepts nitrogen 
almost as rapidly as hver but loses it by tiansfei to other proteins at a 
rate of about one-half that of hver (llie tumor m the last 5 days of 
the expenment decreased from 1 20 to 1 03 atom pei cent excess N“, 
while the liver decreased from 1 20 to 0 86 ) 

The slow fall of isotope concentration in tumor protem may be merely a 
reflection of the poor blood supply to the inner (m contrast to the outer) 
regions of the tumor The penpheral protem of the tumor shows an 
initial \alue twice that of the liver The dechne in both the penpheral 
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tumor protein and the uhole tumor cannot be mterpieted simplj- as being 
caused by regeneration, for these tissues M'ere gromng Any groirth in 
which mtrogen of a lower isotope concentration than that of the tumor 
nitrogen were employed would result in a decluie uhich nould be more 
pronounced the more rapid the groivth 
The rapidly growing sarcoma, which anses from the metabohcally slug 
gish connective tissue, obviously must have a much lugher over-all pro 
teolytic activity than its parent tissue The mass of a tissue is resultant 
of two processes, sjmthetic and degradative Groivth may be the result 
of a retarded degradative rate or of an accelerated synthetic rate, or of both 
The rates of these processes must be determined by two major factors, the 
concentration of effective enzymes and the concentration of the substrate 
There is at present no obvious way in which these factors can be evaluated 
Because of experimental difficulties glycine could be isolated only from 
the proteins of Groups 0 and 7 The regulanty of the curves obtained for 
the other nitrogenous constituents of the protein suggest that the pomts 
for Groups 2 and 4 would probably he close to the straight hne drawn 
through the two points (Fig 5) The slope of this curve is stnhngly less 
than that found for glycine in hver and internal organs The half tune 
for decline of the isotope concentration in tumor glycines was approa 
mately 12 days For leady comparison, we have plotted in Fig 7 the 
isotope concentration of the glycine in the various tissues The 
concentration in the tumor glycme m Group 0 was almost as high as that 
of the liver glycine Though this tissue had rapidly accepted the labeled 
amino acid, it parted w ith it far less rapidly The actual rate of loss of 
labeled glycine from the protein must have been slower than is indicated by 
the slope of the curve, for, in contradistinction to all other tissues, the tumor 
W'as growung and contamed more glycme at the end of the expenmental 
penod than it did at the beginning 

The isotope concentrations of all the other ammo acids isolated from 
tumors increase dunng the experimental penod (Fig 5) 

Argtnine — The isotope concentrations in the arginme of the vanous pro 
teins are shoivn in Fig 8 In every organ except the liver they increase 
dunng the experimental period The interpretation of these ^ 

complicated by the fact that aigimne contains 4 nitrogen atoms e ^ 
nitrogen atoms of the amidine group are identical, those of the oral 
moiety may interact with the labeled glycme at different rates ^ 
m isotope concentration of the carcass argimne must be due to an 
increase in one or more of the three types of nitrogen The 
IV show such an increase m all three That in the nitrogen o e 
correlates with the fact that arginine can be synthesized slow y j 
(18) In order to investigate the distribution of the IS i 



D SHEMIN AND D KITTENBEHG 


419 


S-aiinno groups of ornithine, a sample of ornithine containing 0 063 atom 
per cent excess obtamed fiom arginine of the carcass of Group 4 was 
converted to Q-toluenesulfonamino-J-h 3 'drovyvalenc acid amide This 
compound contained 0 032 atom per cent excess As the amide vas 
made wth normal ammonia, the isotope concentration of the a-aimno 
group of this compound was 0 064 atom per cent excess Since the 
isotope concentration of the oimthme N w’as 0 063 atom per cent, the 
5-amino nitrogen must have been almost the same Whatever the mecha- 
nism for the formation of ornithine may be, it is clear that botli the a- and 



Fig 8 Concentration of in arginine of various tissues after feeding isotopic 
glycine 

6-ammo groups can obtain their nitrogen from dietary nitrogen Furrhei 
investigation will be necessary to determine whether the equality of isotope 
concentrations is of biological significance or merely fortuitous 

SUMMAHY 

From the data obtained from isotopic analysis of the proteins of rats 
blled at intervals of 0, 2, 4, and 7 days after they had been fed glycine 
labeled with the following conclusions may be drawn 

1 Half of the total nitrogen of the liver protein is replaced bj nitiogen 
of the other proteins and the diet m 7 days The value of this half tune 
does not appear to be mfiuenced by the presence of a transplanted sarcoma 
in the body 
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2 About 10 per cent of the liver glycme nitrogen is replaced dadj h\ 
glycine from other sources 

3 The carcass proteins incorporate glycine from other organs faster than 
they transfer glycme nitrogen to other ammo acids 

4 The concentration of m imnarj’- urea is vei^ nearly the same as 
that of the anudme group of aiguune of hver protein 

5 The muscle appears to be composed of protems rrhich are metabolicallj 
heterogeneous, some must mteract slon ly with dietarj-- nitrogen, and otheis 
very rapidly 

6 The protem of the tumor n hich was investigated mcorporates dietai} 
mtrogen almost as rapidl 5 '- as hver protein, but releases it more slowlj 
The relationship of regeneration to gronih is discussed 

7 The non-protem N fractions of the vanous tissues have different 
isotope concentrations Even though the components of the non-protein N 
are freely diffusible, each organ has its onm characteristic composition 

8 The preparation of o!-toluenesulfonammo-S-.hydroxyvalenc acid 
aimde from ormthme is descnbed Analysis of this compound shows that 
the synthesis of omstbiae m the rat fciA.es place la sach maimer that dietary 
mtrogen is mcorporated m both the a- and S-anuno groups 

9 The mterrelationships of nitrogen transport among the organs are 


The authors wish to express their appreciation to Mr I Sucher for the 
isotope analyses 
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FURTHER STUDIES ON VITAMINS Bio AND Bu AND THEIR 
RELAIION TO “FOLIC ACID” ACTIVITY-*- 
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A previous report from this laboratory (1) demonstrated the existence of 
tvo M ater-soluble vitamins needed by the chick, namely, vitamin Bio, 
essential for propei feathei foimation, and vitamin Bn, necessaiy for 
growth Both of these vitamins, piesent in a liver concentrate (Super 
Filtrol eluate), Mere shown to be distinct from “folic acid”* ivhich was also 
piesent in the liver concentrate All three of these factors Mere adsorbed 
and eluted from norit and Supei Filtrol but Mere partially separated by 
fractional precipitation Mith ethanol 

This paper piesents furthei pi ogress toMard the sepaiation and isolation 
of vitamins Bio and Bn and gives additional information on their chemical 
properties as they exist m impure concentrates The relationship of these 
substances to “folic acid” is pointed out 

EXPERIMENTAL 

To study the distribution and pioperties of vitamins Bio and Bn all liver 
preparations Mere assayed foi featheiing and gioM-th activity Math Mhite 
Leghorn chicks (in groups of si\) over a 4 Meeks penod The experimental 
conditions and the basal ration. No 486K, have been reported previously 
(1, 5) This ration consists essentially of dextrin, alcohol-extracted casein, 
gelatin, soy bean oil, salts, C3'stine, and ample levels of knoM'n crystalline 
fat- and water-soluble vitamins The level of biotin has been raised from 

‘Published Mith the approval of the Director of the -Wisconsin Agricultural 
Experiment Station Supported in part bj grants from the IVisconsin Alumni Re 
search Foundation and Swift and Companj 

We gratefully acknowledge our indebtedness to Merck and Company, Inc , Rah 
way. New Jersey, for the crjstalhne vitamins to ThelVilson Laboratories, Chicago, 
for solubilized liver (liver Fraction L) to Wilson and Companj , Inc , Chicago, for 
gelatin, and to the S M A Corporation, Chagrin Falls, Ohio, and the Abbott Labo 
ratories. North Chicago, for biotin concentrates 

' The term ‘ folic acid” has been used in this paper to designate anj substance 
necessary for the grow th of Streptococcus lactis R and Lactobacillus casei W'hen grown 
on a defined medium (2, 3) Mitchell, Snell, and Williams (4) first used this terra 
for “an acid nutrihte” which had been obtained nearlj pure and which was neces 
sary for the grow th of Streptococcus lactis R They reported that the substance 
stimulated the growth of Lactobacillus casei under similar conditions 
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15 to 20 r per 100 gm of ration Normal growth and feather formation 
are not attamed by chicks fed this basal ration unless a source of the un 
known vitamins is supplied 

Assays were made by incorporating each preparation uniform^ m the 
basal ration and the response ob tamed compared to that of chicks recemng 
the basal ration ivith and mthout solubilized liver A response in feather 
ing, as determined by the use of the scale m Fig 1, indicated the presence 
of vitamm Bio, whde vitamm Bn was measured by an increase in growth 

“Fohc acid” assaj's were performed either by the method of Mitchell 
and Snell (2) with Streptococcus ladts E, as the test organism and solubilized 



Fig 1 Feather scale 0 = verj poor, 25 = poor, 50 
very good 


fair, 75 ■= good, 100 “ 


liver as the standard or b 3 ’’ the improved method of Luckey et at (3) with 
both Streptococcus ladis R and Lactobacillus casei Bactenal activitj is 
expressed m terms of micrograms of ‘‘fohc acid” by ginng the standa , 
solubdized hver, a potencj’' of 1 and ‘‘fohc acid” an assumed potenc) o 
40,000 (2) Thus, solubilized hver is given a value of 25 y of “fohc acid 
per' gm We realize that this is purelj-^ an empincal method, because we 
do not know the exact amount of “fohc acid” actmty in solubihze uer 
and because the recent work of Stokstad (6) shows that cio'stalline ne 
“fohc acid” has a relative potency of approximatelj 80,000 when compar 
to hver Fraction B When the amount of “fohc acid” actmt} 
bihzed hver is known, the figures w'hich we have used may be correc 
the true amount by use of a simple proportion 
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Procedure for Making Liver Preparations — The Super Filtrol eluate 
IS prepared according to the method of Hutchmgs, Bohonos, and Peterson 
(7) In bnef, it is made by treating a solution (pH 3) of solubilized liver 
TOth nont and eluting the nont with a mi\-ture of water, ethanol, and am- 
monia Adsorption and elution are repeated with Super Filtrol in place 
of the nont and the pluate is concentrated under a vacuum This prepara- 
tion contains vitamin Bjo, Bn, and “fohc acid” activity and is used as the 
starting matenal for the majonty of the preparations discussed m this 
paper Approviraately 20 gm of dry matter are obtained from 1 kilo 
of the starting matenal by this procedure and the active factors present 
are concentrated about 20-fold (oiving to about a 60 per cent loss) 

Preparation 52A [Containing Vitamins Bn, Bn, and “Folic Acid” Activity) 
— ^This fraction is made by adding 1500 ce of absolute ethanol to 500 cc 
of the Super Filtrol eluate equivalent to 1 kilo of solubilized liver and after 
this has stood m the cold the filtrate is acidified to pH 3 with sulfunc acid 
accordmg to the technique of filtenng, etc , outlined pieviously (1) The 
filtrate (Preparation S2A) is concentrated undei a vacuum to the desired 
volume and neutralized Further inactive matenal may be removed by 
adding acetone to the acid filtrate before concentration until a flocculent 
precipitate is formed The filtrate is collected and concentrated m the 
same manner Although we have used this same concentrate extensively, 
the procedure produces someu hat vanable results 

Alcohol-Soluble Butyl Ester ^ — ^The starting matenal (generally Prepara- 
tion 52A), equivalent to 1 kilo of solubilized liver, is dned carefully and 
placed in 5 liters of normal butyl alcohol (which then contams approxi- 
mately 2 mg of dry matter per cc ) and the solution is kept under nitrogen 
at 60° inth constant stirnng for 4 to 5 hours The entire mixture is con- 
centrated to dryness undei a xacuum, extracted with 5 liters of absolute 
ethanol for 3 hours, and filteied The alcohol-soluble portion is evaporated 
to drjTiess and extracted wath 2 liters of water The water-insoluble por- 
tion, containmg the activity, is hydrolyzed under pressure, with 5 liters of a 
1 5 per cent solution of ammonium hydroxide in a boiling water bath The 
hydrolyzed matenal, now water-soluble, represents a concentration of 
vitamin Bu approximately 140-fold from solubilized liver, and slightly less 
for vitamin Bio, however, an appreciable amount of ‘‘fohc acid” activity 
was lost When this preparation was fed to ti\ o different groups of chicks 
receiving the basal ration at a level equivalent to 8 per cent of solubilized 
liver (supplying 14 mg of dry matter per 100 gm of ration), normal grou th 
and good feathers were produced (see Group 11, Table I) 

Preparations ISSC and 13SD [Containing Principally Vitamin Bn)— 

® This procedure may be found in detail in E B McQuarrie’s Master’s thesis, 
University of Wisconsin, 1943 
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Preparation 133C is a 75 per cent ethanol precipitate (pH 7) of the 85 
per cent ethanol precipitate (Preparation 2 of our previous report) of a 
modified Super Filtrol eliiate Preparation 133D is the precipitate ob 
tamed by acidifying to pH 3 the filtrate left from malong Preparation 133C 
Both of these precipitates are dissolved m water and made slightlj' basic 
with ammomum hydroxide and stored imder toluene m the cold (as are all 
other preparations descnbed in this paper) These fractions contain a 
large amount of vitamin Bio actmty m comparison to their content of 
vitamm Bn and “folic acid " 

Dialysis Procedure (Separation of Vitamins and Bn from "Fohc 
Acid” Activity) — Dial5'sis may be performed by placing the solution to be 
dialyzed in a closed cellophane bag in a large Soxhlet extractor with water 
This permits the dialysate to be collected and concentrated and at the 'ame 
time allows the bag to come in contact repeatedly wnth a new supply of hot 
distilled water Treatment of the material to be dialyzed with taka 
diastase (20 mg of taka-diastase for each gm of dry matter and incubation 
at 37° for 24 hours under toluene) gives better separation After diah'sis 
“fohc acid” activity occurs principal^ m the dialysate, while the greater 
part of vitamin Bio and vitamm Bn activity remams m the dialysis residue 
(Growth results with such fractions are presented later in the paper) 
This simple procedure concentrates vitamin Bio and Bn activity 4 fold 
from the Super Filtrol eluate Dialj'sis may be earned out with similar 
results m cold running water if the dia^'sate is not desired 

Preparation 159R (Vitamin Bio and Bn Concentrate ) — ^This preparation 
IS the dialysis residue (see the dialysis procedure) of a calcium hydroxide 
filtrate of the Super Filtrol eluate It contams nearl} all of the ntamm 
Bio and Bn activity contained in the eluate but less than half of the “fohc 
acid” activity 


Results 


The results are given in Table I and are arranged in ascending oider o 
vitamm Bio activitj*^ to facilitate study of the table Each entrj is on 
average of results obtained with six chicks, except for the basal and con rc 
groups, which are an average of many groups For the sake of brewt} an 
simplicity, only about one-fourth of the results which we have o ain^^ 
since our previous paper is presented Groups of chicks whose 
did not show a separation of any of the factors are omitted from 
but the chemical properties of the factors as learned from sue groups 


presented later t, a , i, — Rv com 

Separation of Vitamin Bio AclrvUy from Vtlanin 
paring Column 4 mth Column 5 (Table I) it is evident tha , m 
of our previous results, the Super Filtrol eluate and cer am 
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contain at least two vitamins, vitamm Bio for proper feather formation and 
ntamm Bn for growth (note Groups 3 and 19, 9 and 10, 11 and 13, etc ) 
Since maximum feathering uas not obtamed without at least some growth 

Table I 


RcsiiKs of Feeding Vanoiis Supplements to Basal Ration 486K (Given in Ascending 
Order of Feather Formation) 


Group 

Preparation No 
and level fed 

Description of supplement 
(made from Preparation S2A* 
unless otherwise indicated) 

(3) 

Vitamin 

Bio 

activit) 

Vitamin 

Bii 

“Folic acid activity 
per 100 gm ration 

No 

Cl) 

equivalent to 
solubiliied liver 

(2) 

(feather 

forma 

tJOD)t 

(A) 

activit> 

(growth) 

(S) 

Strepto- 
coccus 
lactis R 
(6) 

Lacio- 

bactUus 

coset 

(7) 





Per cent 
tatn oter 
basalt 

y 

y 

1 

Basal ration 

No supplement 

30 

0 

0 

0 

2 

128 ^10% 

Methanol extract of Prep 
aration 58 (cf Briggs 
etal (1)) 

35 

-21 

17 

7 

3 

120R ~10% 

Hot ethanol (100%) resi- 
due 

40 

70 

7 5 

15 

4 

101 ~5% 

Methanol extract 

45 

40 

25 


5 

120E ~10% 

Hot ethanol (100%) ex 
tract (see Group 3) 

47 

41 

25 

18 

6 

143F ^5% 

Norit filtrate (pH 3) of 
Super Filtrol eluate* 

50 

65 

9 

16 

7 

113 ~5% 

Norit (pH 3) eluate 

60 

-19 

15 


8 

102 ~5% 

Methanol residue (see 
Group 4) 

60 

40 

5 


9 

133D ~5% 

See text 

70 

2 

5 

1 6 

10 

111 ^5% 

Super Filtrol (pH 3) elu 
ate 

70 

96 

16 

1 


11 

107 

Hydrolyzed butyl esters* 
(2 groups of chicks) 

75 

110 

8 3 

3 3 

12 

139E ^5% 

Norit (pH 10) eluate of 
Super Filtrol eluate 

75 

65 

17 5 

20 

13 

133C ~5% 

See text 

75 

32 

0 6 

0 4 

14 

78R ^5% 

Made same as Prepara 
tion 59 (cf (1)) 

75 

101 

5 


15 

161P ~10% 

Lead ppt of Preparation 
169R* 

93 

65 

6 

6 

16 

30-2^8% 

Made same as Prepara- 
tion 30 (cf (1)) 

95 

115 

8 

3 

17 

162P ~10% 

Zinc ppt of Preparation 
tion 159R* 

95 

69 

5 

4 

IS 

138R ^5% 

Hot ethanol (95%) resi- 
due of Super Filtrol 
eluate 

95 

87 

40 

15 
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Tabu; I — Concluded 


Group 

No 

(1) 

Preparation No 
and level W 

Dncnption of supplesncnt 
(made from Preparation S2A* 
unless otherwise Indicated) 

(3) 

Vilanun 

Bir 

activity 

Vitamin 

Bn 

"Folic acid ' acUnty 
per 100 jm nu« 

solubilized liver . 

(2) 1 

(feather 

forma 

tion)t 

(4) 

activity 

(growth) 

(5) 

c^cau 
lacii R 
(fi) 

Loti>‘ 

hMiJu 

mn 

0) 

19 

79 ~5% 

! 

lat norit eluate of boIu 

m 

per CfiU 
toiflew 

tasaJt 

42 

T 

42 

T 

20 

150 ~10% 

bilized liver 

Butanol residue 

100 

102 

25 

16 

21 

146 ^10% 

75% ethanol (pH 3) resi- 

100 

128 

15 

S6 

22 

52A g5% 

due of Super Piltrol 
eluate 

See text 

100 

102 

24 

25 

23 

Control ration, 2% solubilized liver 

100 

100 

50 

50 


* See the text for information regarding the starting mafenaJ 
t 0 = very poor, 25 = poor, 50 = fair, 75 = good, 100 =■ very good 

. Gm gam over basal X 100 ^ i 

ITT ; — ; — : tt; ;r — i rr: The aierage control ireignfs at 4 necks 

(Control neight) — (basal weight) 

range from 200 to 275 gm and the average basal weights range from 100 to 150 gm , 
depending on the batch of chickens 


increase, we cannot definitely conclude that vitamin Bu is not utilized m 
part for growth as well as for feathenng Likew ise, since maximum growth 
was not obtained without at least “good” feathers, it is impossible to decide 
at the present time whether or not vitamin Bu also improves feather forma 
tion to some extent (even in the absence of ntamin Bio) Thus, although 
the pnncipal effects of the two vitamins are entirely different, it is con 
ceivable that there may be some overlapping m fheir action (especially if 
bactenal synthesis wuthm the intestine is consiaered) 

Separalton of Vilamin Bio and Bn Achvtlij f'">m “Foltc Acid" Adtvily~ 
In confirmation of our earlier results, the two xutamins are distinct from 
“fohc acid” activity (compare Columns 4 and 5 with Columns 6 and / 
^Maximum or neai maximum feather formation could be obtained (Groups 
13 to 17) with lower amounts of "folic acid” activity than those whic gaic 
little feather formation (Groups 2 to 6) Likewise normal or near 
growth could be obtained (Groups 11, 14, and 16) with lower * 
“fohc acid” than those which gave only small increases in growl r 
2, 4, 5, 7, 12, and 19) We recogmze the fact that there is a genera 
ency for supplements which have high vitamin Bip and Bu actm ^ ° 
high “folic acid” activity, however, such supplements are usua 

that have undergone little purification , Arhvtt’t- 

Separalion of Streptococcus lacits E from Laclobaatlvs case 
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When Column 6 is compared with Column 7, it is evident that “folic acid” 
activity as measured by the two organisms does not correlate (Compare 
Groups 2 and 3, 6 and 16, 20 and 21, etc ) Nor does the activity of either 
one correlate any better than the other mth groivth or feathenng Thus, 
there are at least four biologically active compounds in the Super Filtrol 
eluate of liver, the significance of which will be discussed later in the paper 

In regard to the requirement of the chick for “fohc acid,” w e have stated 
in our previous paper ( 1 ) that “ma\imum grow’th was not obtamed m chicks 
unless levels were fed equal to, or above, 17 5 7 of fohc acid per 100 gm 
of ration ” In Table I it is seen that raavimum growth may be obtamed 
with smaller amounts of “fohc acid” than this, namely, 5 7 per 100 gm of 
ration as measured by Streptococcus laclts R (Group 14) or 3 7 per 100 gm 
of ration as measured by Lactobactllus caset (Group 16) Near maximum 
feather formation may be obtained with similar amounts of “fohc acid” 
activity (see Groups 16 and 17) On the other hand vanous supplements 
w hich supplied greater amounts of “fohc acid” were low or devoid of growdh 
and feathenng actmtj'- (Groups 2 to 5 and Group 7) Thus, we may con- 
clude, that liver “fohc acid” as we measure it is not needed per se by the 
chick for growth or feathenng unless m very small amounts 

Further Descnphon of Deficiency Symptoms and Other Results — \Wien 
chicks are about 1 week of age, the innermost secondary wing feathers 
begin to curl toward the body and the wing coverts (the feathers covenng 
the quills) begm to curl outward, gning the chick a ruffled appearance 
The shafts of many iving feathers appear narrower than normal shafts and 
the feathers are frequently broken off By the time the chick is 4 w eeks 
old, the wing feathers remammg are either stunted or have scanty barb 
formation They are curled outward, and frequentl}'^ have a malformed 
shaft (often completely twisted around) Body and tail feathers are slow 
m appeanng and are of abnormal structure (see Fig 1) 

An anemia (macroc 3 dic), as mentioned previously ( 8 ), occurs m chicks 
on the basal ration Anj’’ supplement which improves growth or feathenng 
when fed with the basal ration likewise appears to correct the anemia 
partially, so it is possible that both vitamins are necessary for proper blood 
formation As will be seen in Table II, the anemia-preventmg activity 
can be separated from “folic acid” activity as measured with both Strepto- 
coccus lochs R and Lactobacillus casei Preliminary studies showed that 
deficient chicks also have leucopenia The paralysis and the perosis, as 
observed previously ( 1 ) in chicks receiving the basal ration, still occur 
occasionally 

Among the vanous compounds which have been tested for vitamin Bio 
and Bn activity and found to be inactive aie dZ-lysine, /-tryptophane, 
d-glutamic acid, /-aspartic acid, asparagine, glutamine, pimelic acid, 3 east 
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nucleic acid, \anthine, guanine, uracil, orotic acid, adenine, adenjhc acid, 
xanthopterin, adenylthiomethylpentose, and m-aimnobenzoic acid The 
level of known vitamuis was doubled in the ration with no effect LikenTEe, 
the addition of small amounts of inorganic salts of cobalt, boron, silicon, 
nickel, molybdenum, and alummum was ineffective, as was the ash of solii 
bihzed liver 

The following substances have varying groi\i,h-promoting or feather- 
forming activity, but because they occur in only trace amounts in the eluate 
they cannot be either vitamm Bio or Bn p-aininobenzoic acid (5 to 10 mg 
per 100 gm of ration) (5), ascorbic acid (100 mg per 100 gm of ration) 
(9), thymme (200 y per 100 gm of ration), and thymus nucleic acid (20 
mg per 100 gm of ration) We do not routmely add any of these com 
pounds to our ration because their action may be indirect and would con 


Table II 

Results of Dialysis Procedure on Separation, of Factors Vecessary for Feather Forma 
tion, Growth, "Folic Acid" Activity, and Antianemia Activity 


Supplement *o bassl Kation 4S6K 

1 

No dead 
at 4 wk$ 
(24 ditcks 
at start) 
per g;roup 

Vitamin 

Bi» 

activity 

(feather 

forma 

tJOO)* 1 

Vjtamm 
Bn 1 
actmty 
(growth)* 

Kohctcid 'activity 
per 100 gm raUOQ 

Hemc^ 
glebm 
(12 chids) 

Sire ftp 
eocevs 
lechs R 

Leet> 

eoset 


■I 



1 

7 

7 

J 00 <e 

Dialysate (average of 4 prep- 
arations) 

D 

38 

39 

18 4 

11 6 

7 26 

Dialysis residue (average of 4 
preparations) 

0 

82 

79 

13 1 

10 1 

9 11 


•See Table I 


fuse the results The effects obtained by feedmg sulfasuxidine to chicks 
receiving this ration have been presented (5) 

Properties of Vitamin Bu and Vitamin Bir— The properties of f ^ 
two vitamins are considered together, smee they are similar and separa 
only with difficulty Unless otherwise mdicated, all tests were ma e 
fractions obtamed from solubihzed hver which were concentrated ^ 
times (The Super Filtrol eluate was used most generally ) AH fractwn 
were tested for “folic acid” activity but, smee descnptions 
erties of “fohe acid” have been published (4, 7, 10), only t ose 
will be given which have a direct beanng on the immediate pro ™ 

IS important to bear m mmd that properties of the vitamins ma 
dependmg on the concentration of the solution used „nmmon 

In general, both vitamins Bio and Bii are ^ou e 

oigamc solvents such as ether (neutral or pH 3), buty co 
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pH 10, 01 pH 3), acetone, ethyl acetate, and 95 pei cent and absolute 
(cold) ethanol If hot absolute ethanol is used as the solvent, “fohc acid” 
activity foi Slrcptococcjis lactis H is laigelv remoA'ed, leanng iitamin Bn 
mainly in the residue, while vitamin Bio and ‘fohc acid” activity for Lacto- 
bacillus casci are in both extract and residue The tvo vitamins are less 
soluble in 90 pei cent ethanol (pH 3) and 85 pei cent ethanol than is ‘‘fohc 
acid” activitj Also, at such concentiations (75 to 85 per cent) vitamin 
Bio tends to be more insoluble in ethanol than xatamin Bu Both vitamins 
are soluble in ivatei and glacial acetic acid Vitamm Bn is slightly more 
soluble in methanol than vitamm B)o, hovever, both vitamins are less 
soluble than ‘‘fohc acid” actixnty 

Stabihly — Vitamins Bio and Bn as they occur in the eluate aie completely 
destroverl by autoclanng at 15 pounds piessuie in 2 n hydrochloric acid 
for 1 hour, although they remain stable when autoclaved at pH 3 for the 
same time \utocIaving ivith 1 n sodium h 3 ’dro\ide for 30 minutes 
destroj's little ntanun Bio and Bu activity, iihile preparations autoclaved 
at pH 10 01 7 for 30 minutes retain all measurable amounts of actmty 
Both vitamins and “fohc acid” are stable to drj' heat (110°) for 24 hours 

Oxidation with a 2 pei cent solution of hydrogen peroxide for 2 hours 
(hot) destioys most of the vitamm Bio and “folic acid” actmtv but about 
50 per cent of the vitamin Bn activity remains Bubbling hjdrogen 
through a solution of the vitamins for 10 horn's causes no destruction of any 
of the three factors Nitrous acid treatment (5 per cent solution of nitrous 
acid at room temperature for 12 hours) causes destruction of nearly all 
biological activity, indicating the presence of active ammo groups in all 
of these compounds 

Other Properties — ^Both vitamins are adsorbed to the greatest extent in 
acid solution (pH 3 is used) on fullers’ earth, nont, and Super Filtrol 
Vitamin Bw is adsorbed on nont more completely than vitamin Bn and it is 
also eluted more rapidly (with the alcohol, ammonia, and water mixture), 
which suggests the possibility of separating these two vitamins from each 
other by chromatographic adsorption 

Both vitamms and “fohc acid” activity are precipitated complete!}' by 
lead acetate and zinc chlonde and partially mth silver nitrate and banum 
hydroxide (the watei -soluble barium salts are insoluble in 80 per cent 
ethanol) The activity is not precipitated by calcium hydroxide 

The butyl esters of both vitamms can be made by the procedure dc- 
scnbed in tlus paper, which indicates that both of these ■vitamins hav e acid 
groups That acid groups are present and may even predominate is also 
suggested by the fact that both vitamin Bm and vitamin Bn migrate ton ard 
the anode during electrophoresis The activity of all three factors n as con- 
centrated in an acid cell (pH 2 1) of a five cell electrodialysis apparatus 
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Dialj'sis procedures have produced verj’- interesting results, vhich 
are given in Table II It can be seen that both \itamins Bjo 'and Bu 
(and antianemic activity) do not pass readily through cellophane mem 
branes On the other hand "folic acid" activity for both bactena occurs 
pnncipally in the dialysate Results are especially clear cut vhen the 
fraction has been previously treated uath taka-diastase (see the dialjsb 
procedure) 


DISCUSSION 

The importance of vitamin Bia and vitamin Bu m the nutntion of other 
ammals besides the chick has not been determined as jet However, the 
Super Filtrol eluate, contammg both of these ntainins (as well as "folic 
acid” activity) has been shown to be important for the nutntion of the rat 
(11-13), dog,’ and monkey (14) The gioivth activity of this fraction 
has been largely attnbuted to its “folic acid” content but our results inth 
the chick suggest that vitamins Bio and Ba maj be as important or more so 
The relationship of these tw o ntamins to other unknown chick factors 
has been discussed in our previous paper (1) However, work done since 
that time changes the picture slightly Pfiffner e( al (15) reported the 
isolation fiom liver of an antianemia factor for chicks, called vitamin B,, 
in yellow crystalline form The method of isolation and rations used arc 
unpublished at the present time The vitamin prevented anemia m chicls 
and caused the chicks to “grow normally” when fed at a level of 250 7 
(piobably an excess) per 100 gm of ration The authors state that thej 
“demonstrate conclusively the identity of Hogan’s antianenua factor and 
Peterson’s ‘eluate factor’ ” (16) and state that these factors are probablj 
the same as “fohc acid ” If this is true, the results presented in this paper 
indicate that the crystalline vitamin Be of Pfiffner e< al is distmct from 
true vitaimns Bio and Bu as they occur in the Super Filfrol eluate Fur 
thermore, it is also important to note (Table II) that the antianemia ac 
tmty in our wmrk remains in the undialyzable portion and does not follow 
liver “fohc acid” activitj’’ Later, a report bj’' O’Dell and Hogan (H) 
presented some chemical properties of vitamin Be (m impure concentmtes) 
and gave a technique for its assay Thej' do not give, however, the eftec ' 
of their factor upon growdh or feathenng when fed in addition to t «r 
improved purified diets From the properties asenbed to vitamin • 
by O’Dell and Hogan (such as solubility m methanol, incomplete a orp lo 
on fullers’ earth at acid pH, and stabihty to oxidation, etc ) it would appea 
that their vitamm is moie similar to vitamin Bu than to 

A review of the literature on “fohc acid” has been made by Luc . 

(3) but it IS important to mention the report of Stokstad (0) w 0 is 

•KreW, W A , and Ehehjem, C A , unpublished 
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a compound from liver (thought to be identical mth the ciystallme com- 
pound of Pfiffner ei al (15)), and also isolated a different compound from 
yeast This latter compound had about one-half the activity for Slrepto- 
coccits hctis R as the liver compound but about the same amount of Lacio- 
haciUus casei activity We have not as yet tned either of these isolated 
substances for intamm Bio or vitanun Bu activity However, from the 
results which ve have presented m this paper we would expect the liver 
compound to be largely inactive In this connection Almquist has recently 
reported (18) that a punfied fraction of the “fohc acid” for Lactohacillus casei 
obtained from Stokstad had little, if any, activity for the chick and states, 
in agreement with our previous results (1), that “at least one unknovra 
member of the B-comple\ is required by chicks” other than the Laclo- 
bacillus casei factor It is interesting that Daft and Sebrell have reported 
(19) that the several “folic acids” (crystallme) had activity in the pre- 
vention of granulocji.openia and leucopenia in rats fed sulfonamides 
The results which we have obtamed with the dialysis procedures may 
indicate that the various “folic acids” as measured by Slreptococcus laciis 
R and Lactohacillus casei are fragments of a large molecule, or molecules, 
which are needed by the chick in the intact form for true ntamm Bio, 
vitamm Bu, and antianemia actmty Thus, the possibility exists that 
vitamins Bw and Bu may have some “folic acid” activity Similanly it 
is entirely possible that pure compounds showing high activity for either 
Streptococcus laclts R or Lactohacillus casei may have some ntamin Bm 
or vitamm Bu activity but the action may be indirect Work to answer 
this question and to separate and concentrate vitaimns Bjo and Bu further 
IS m progress at the present time 

SUMIktAHT 

Vanous chemical properties for vitamins Bio and Bu as well as methods 
for their partial separation are descnbed 
At least four substances with biological activity, namely vitamm Bio 
(necessary for feather formation m chicks), vitamm Bu (necessary for 
growth), and two factors necessary for Streptococcus lactts R and Lacto- 
bacillus casei, are present in the Super Filtrol eluate of solubilized liver 
The significance of this is discussed 

“Folic acid” activity has been separated, at least in part, from vitamin 
Bio, Bu, and antianemia activity and does not appear to be necessar}' per se 
for the chick unless m small amounts 
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THE LIPID, SODIUM, CHLORIDE, AND NITROGEN CONTENT 
OF THE RESPIRATORY TRACT FLUID OF 
NORMAL ANIMALS 
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BETTY PALMER, MARY STEVENS, and JOAN WHITTAKER 

{From the Department of Pharmacology, Queen's University, Kingston, Canada) 
(Received for publication, January 10, 1944) 

Expectorants are dings \\ hich are leputed to affect the volume or compo- 
sition or both of secretions produced m the iespiratoi"j tract and to vhich 
the term respiratorj' tract fluid has been assigned m this laboratoij The 
dearth of expenmental e\idence upon the pharmacology of expectorants 
bemg recogmzed, studies w ere begun 5 or 6 years ago and, after some time, 
a method y\as finally developed foi collecting the fluid (1) In the present 
commumcation ivill be desenbed analjses of the respiratorj tract fluid of 
normal, urethanized dogs, cats, rabbits, and cockeiels for lipids, sodium, 
chloride, and nitrogen, with some obsenations upon the specific grayntj 
and viscosity of this fluid 

Respiratorj tract fluid y\as collected thiough a tracheal cannula ligated 
into a health}, adult, urethanized animal, and vith the inhaled air condi- 
tioned to body temperature and approximately 100 per cent relative hu- 
midity according to the method now in use m this laboratorj (2) Lipids 
were estimated by the oxidative micio techmque (3), sodium bj the method 
of Hoffman and Osgood (4), chloride by Van Slyke’s method (5), and pro- 
tem and non-pi otein nitrogen b} the method of Conw a} (6) 

The Itptd composihon of the fluid of twenty -seven normal, urethanized 
rabbits, cats and dogs has been summarized and the data presented in 
Table I Respirator}'^ tract fluid w as found to contain all of the lipids found 
in blood by the same techmque, though m much smaller amounts The 
total lipid of the fluid in cats and labbits a\ eraged about the same, some 60 
mg pel 100 ml of fluid, w hile the fluid of the dog contained about 3 times 
this amount of total lipid The percentage composition of the total lipid 
was similar to that found in blood plasma b} the same technique 

The sodium and cMonde content of the fluid of over 100 rabbits, cats, and 
dogs has been summarized m Table I The mean sodium values w ei e fairly 
constant among the three species at about 30 to 40 mg per 100 ml of 
respiratory tract fluid, though indivnduall} the values \ aried considerabl} , 
as is apparent in the relativel} high figure for the standard error of each 
mean Also the mean chloride content was of the same order in mbbits, 
cats, and dogs, at some 50 to 70 mg per 100 ml These v allies for sodium 
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and chlonde are considerably smaller than those of blood plasma, though 
there is loughly the same relative relation of one to the other In other 
v,ords, sodnim and chlonde are present in the fluid roughly m the proportion 
of mole for mole 

The above considerations suggest that, m so far as hpids, sodium, and 
chlonde are concerned, respiratory tract fluid might be regarded as a diluted 
filtrate of blood plasma The impression is not intended to be comeied 
that the fluid as a whole may be considered a diluted filtrate of blood plasmn, 
but merely that such may be the case mth respect to lipids, sodium, and 
chlonde To investigate this further, the mean content of these substances 
in blood plasma was compared ivith corresponding means for the fluid The 
mean plasma lipid content nas taken from figures previously published bv 
Boyd (7) \nth respect to rabbits and cats, and from unpublished reports in 
connection mth dogs,' all values being obtained by the same analyst using 
the same oxidative micro technique The mean value of plasma sodium 
was obtained by the same analyst (M S ) using the same technique upon 
fifteen normal rabbits, tnelve cats, and twelve dogs The mean value for 
plasma chlonde v\ as also obtained by the same analyst (M M ) using the 
same technique upon twelve normal rabbits, five cats, and eleren dogs 

The mean values for the v'anous constituents of the fluid Mere then c\ 
pressed as a peicentage of the mean values for the corresponding constitu 
ents of blood plasma It v\ as found that the constituents of the fluid bore 
no constant relationship to the constituents of blood plasma Thus, for 
example, the hpid content of the fluid of the rabbit v aned from 17 to 36 per 
cent of the lipid content of rabbit plasma It mav be concluded that w hilc 
simple diffusion may play a part in the formation of the fluid selectiie 
secretion is also active The well knowm presence of glands along the re 
spiratoo' tract would also suggest that the fluid is a secretion FranUj, 
how ev ei , the relative part played by acinai glands, goblet cells, other muc^ 
sal cells, and the epithelium of the alveoli and related structures m t c 
production of respiratory tract fluid has not yet been proved 

The 'prolein and non-jiroteni nitrogen content of the fluid of nmeteen ra 
bits, cats, and cockerels has been summanzed in Table I The mean 
values weie found to be considerably lower than m plasma 

In most of the abov e wmrk, the chemical analyses w ere perfonne upon 
the total sample of fluid w'hich had collected by the end of the dav or m e 
night It w as possible that the composition might change as t ® 
ment continued fiom hour to hour, however Smco \prv htl e ma eii 
needed for the nitrogen determinations by Conw aj ’£ 
to follow the nitrogen lev els from hour to hour and 
volume output of the fluid in ml per kilo per 24 hou 

> Boyd, E M , unpublished data 
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V ere performed upon ten rabbits and the mean hourly data are collected in 
Table II It may be seen that there was some mcrease in the eoncentration 

Table I 

Composition of Respiratory Tract Fluid of Normal Animals 
The results, except for specific gravity and relative viscosity, are expressed as the 
mean ± the standard error m mg per 100 ml of respiratory tract fluid 


Constitaent 

Rabbit 1 

No 

inlr 

a 

U 

1 

i 

Cockerel 1 

Rabbtt 

Cat 

Dog 

Cockerel 

Total lipid 

13 

9 

! 




60 

± 1 4 

197 ± 22 


Neutral fat 

13 

9 





12 

±22 

53 ± 14 


Total fatty acids 

13 

9 



42 

±4 7 

33 

±27 

126 ± 18 


“ cholesterol 

13 

9 



13 

±6 I 

19 

±2 5 

41 ± 7 4 


Ester “ 

13 

9 



8 

±3 9 

12 

±0 7 

28 ± 9 2 


Free “ 

13 

9 



5 

±1 1 

7 

± 1 8 

13 ± 1 8 


Phospholipid 

13 

9 



28 


22 

±3 3 

85 ± 17 


Sodium 

13 

18 

! 


36 

±7 8 

42 

±95 

33 ± 7 3 


Chloride 

29 

58 

5 


46 

±54 

66 

±4 7 

66 ± 16 


Non protein N 

10 

5 


4 

6 3 


3 5 

± 1 6 


3 0± 1 5 

Protein N 

10 

5 


4 

■MM 

±2 1 

13 6 

±3 7 


26 ±4 0 

Sp gr 

13 

56 




1 014 ± 0 006 



Relative viscos 











it> 

12 

25 





0 95 

± 0 02 




Table II 


Mean Hourly Changes in Volume, Protein, and Non Protein Nitrogen Content of Rabbit 
Respiratory Tract Fluid 


Hr 

Volume j 

Protein N 

Non protein N 


ml per kg per Z4 hrs 

mg per 100 ml 

mg per 100 ml 

1 

2 0 

7 62 

4 13 

2 

2 4 

7 75 

3 68 

3 

2 6 

8 98 

5 46 

4 

2 6 

5 50 

7 49 

5 

1 9 

11 8 

8 71 

6 

2 6 

13 3 

6 76 

7 

2 4 

13 7 

5 57 

8 

1 7 

12 7 

8 10 


of protein nitrogen as the experiment progressed but little change in the 
concentration of non-protein nitrogen These experiments emphasize the 
desirability of having contiols arranged side by side uith each ammal m 
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expenments on the effect of any factor upon the composition of the fluid, 
rathei than haAung the initial fluid of an animal ser\ e as its oira control 
The speafic gravity and relative viscosity of the fluid of normal, urethaiuzed 
cats and rabbits has been summanzed m Table I Relative nscosities were 
determined in the Ostwald xnscosity pipette It is obvious from the data 
giv en m Table I, that the speciflc gravity and relative viscosit 3 of respira 
torj tract fluid are near that of distilled v\ ater in both rabbits and cats 

SUMMARY 

Values aie givmn for tlie hpid composition of the respirator} tract fluid 
of 27 normal, uiethamzed rabbits, cats, and dogs, the chlonde content of 29 
rabbits, 58 cats, and 5 dogs, the sodium content of 13 rabbits, 18 cats, and 
10 dogs, the protem and non-piotem nitrogen content of 10 rabbits, 5 cats, 
and 4 cockeiels, the specific gravitj' of 56 cats and 13 rabbits, and the rela 
tiv e viscosity of 25 cats and 12 rabbits 
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Remhold and Wilson (1) have descnbed a modification of the method of 
Gregory and Pascoe (2) which permits the determmation of cholic acid in 
pure solutions and in bile unth an accuracy approaching the maximum that 
can be attained ■watli the visual color comparator By this procedure 
cholates (glycocholate, taurocholate, and unconjugated cholate) can be 
deterrmned with specificity even in the presence of dihydroxj’’- and mono- 
hydroxycholanates Modifications of this method have been descnbed 
(3-6), but a cntical evaluation of essential factors in the method is desirable 
Procedures for the determination of cholate involvmg other color reactions 
(7-9) do not appear to offer advantages in specificity or m the accuracj of 
analytical recovenes 

There is much uncertainty regarding the question of the presence of bile 
salts in the penpheral circulation of normal animals (10) Emplo3ong 
modifications of the method of Gregory and Pascoe, Josephson (3) reported 
that the normal concentration of cholate m blood is 0 5 to 2 mg per 100 
ml , and Schmidt (5) stated that the concentration is less than 2 mg per 
100 ml By the use of another method, Perlzu^eig and Barron (11) were 
unable to demonstrate the presence of bile salts in normal blood This u as 
in agreement with the report of Herzfeld and Haemmerlei (12) Greene 
and Aldnch (13) and Aldnch and Bledsoe (14), by the use of a modified 
Pettenkofer reaction, found normal concentrations of bile salts m blood 
rangmg from 3 to 6 mg per 100 ml With a method which xvas stated to be 
specific for the bile acid group of compounds but not for anj’' particular bile 
acid, Tashiro (15) reported normal concentrations of 60 to 100 mg per 100 
ml of blood These analytical uncertamties are emphasized by reports of 
unsuccessful attempts to isolate bile acids from blood obtained from the 
peripheral circulation of normal animals (10) 

In this paper the method of Remhold and Wilson is adapted for the pho- 
toelectric filter photometer Certam modifications in the conditions for 
the color reaction are employed in order to secure the maximum increase 

* Aided by a grant from Parke, Davis and Company 

(Present address. Department of Ph>siological Chemistrj , The Johns Hopkins 
University, School of Medicine, Baltimore 
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m accurac 3 - attainable with the filter photometer With such changes the 
method is apphed with satisfactory- accuracy to the detemimation of cholate 
m bile Two procedures are descnbed for the preparation of filtrates and 
extracts of blood for photometnc estunation of the concentration of cholate 
The accuracy of the method as apphed to the detemunation of cholate m 
blood IS limited by the low concentrations of this bile salt and by losses in 
the preparation of filtrates and extracts However, we beheve that the 
method represents a definite unprovement m the specificity and accuracv 
of estimations of blood cholate Preliminary experiments are descnbed 
m which this method is applied to a study of the concentrations of cholate 
in the penpheral circulation of normal animals and of those with biliarj 
obstructions 


EXPERIMENTAL 

Preparation and Punficahon of Bile Acids for Use Analytical Stand- 
ards — Chohc acid was isolated from ox bile and was punfied as descnbed 
by Sobotka (16) Glycochohc and taurocholic acids w ere simthesized from 
cholic acid bi’' the procedure of Cortese et al (17) Other samples of these 
conjugated bile acids were isolated from bile and punfied as descnbed bi 
Hammarsten (18) The puntj of all samples was venfied by determina 
tions of meltmg pomts, solubilities, and optical rotations and bj elementarj 
analj'ses 

The primary standard for all analyses and axpenments vras a highly 
punfied sample of crystalhne chohc acid Inasmuch as chohc acid was 
used as the primary standard for the analj-sis of solutions containmg both 
glycochohc and taurochohc acids (or their salts) as well as solutions of 
chohc acid (or cholate salts), it seemed most satisfactory to express cholate 
concentration m terms of miUimolanty This was adopted for recording 
the results of analyses of bile However, the concentrations of cholates in 
blood are of such small magmtude that it was more convenient to express 
them £is mg of cholic acid per 100 ml of blood The use of the latter unit 
mvolves no imphcation regardmg the form of cholate present, whether 
“free” or conjugated with glycme or taunne 

Procedure for Color Development and Preparation of Extinction-Cmc^ 
iration Curve — In succeedmg sections of this papier there are outhned e 
results of experiments which pronde information concerning optimum 
conditions for color development xnth chohc acid in the furfural-s unc 

acid reaction The procedure finally adopted is illustrated m the o oi™ 

descnption of the detemunation of the relationship between extmc ion 
the concentration of cholate In all analyses reported m this 
conditions for color development were identical xnth those descn 
foUoxnng section except where experimental changes are spec c 
ignated 
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Reagents — 

1 16 0 N sulfuric acid This reagent is prepaied fiom c p sulfunc acid, 
and the concentration is adjusted accurate!}’- 

2 1 per cent furfural solution 1 0 ml (20°) of pure furfural (freshl} 
redistilled) is dissohed in distilled water, and the volume is brought to 
100 ml 

3 Glacial acetic acid, c p 

In test-tubes of uniform size (18 mm inside diameter) are placed 1 ml 
portions of solutions of sodium cholate (prepaied from the standard sample 
of pure cholic acid) ivith a range of concentrations eqmvalent to 0 02 to 0 3 
mg of cholic acid per ml To each of these samples are added 6 ml of 16 
N sulfuric acid and 1 ml of 1 per cent furfural solution At the same time 
reagent blanks are prepared in sepaiate test-tubes by substituting 1 ml of 
distilled water for the cholate solution in mixtures contaimng the other 
reagents in their usual pioportions Standard and blank tubes are heated 
simultaneously for e\actly 13 minutes m a w'atei bath mamtained at 65° 
(contiolled to ±0 1°) At the end of the penod of heating, the tubes are 
cooled rapidly to room temperature by immersion in a cold bath To the 
cooled solutions are added 5 ml portions of glacial acetic acid The trans- 
mittancies of the standard solutions are determmed in a photoelectnc 
filter photometer (19) at 620 and 660 mja* with the transmittance of the 
blank set at unity In Fig 1 the extmctions’ are plotted against the corre- 

* These are the mean wave lengths of the transmission bands of the filters The 
transmission limits of these filters are from 595 to 660 mu and from 635 to 720 mu, 
respectively Throughout this paper, wave length designations refer to the mean 
wave lengths of the transmission bands of the particular filters employed 

• Extinction, e', is defined as —log T, where T is the transmittance expressed as a 
fraction of unity The concentration, C„, of cholate in an unknown solution is ob 
tamed by the equation, = «„/«,, where is the extinction of the colored solution 
obtained with the unknown quantity of cholate and c, is the calculated extinction 
for a colored solution prepared from standard cholate of unit concentration (1 mg 
of cholic acid per ml ) e, is calculated from extinction concentration data (Fig 1) 
The calculated values of «, as determined with our photometer (Evelyn tjpe (19)) 
were 2 62 ± 0 02 for 620 ma and 2 89 ± 0 03 for 660 ma Values of c, as determined 
wuth a filter photometer are dependent upon the transmission characteristics of the 
filters and upon the effective depth of solution through which the “light” passes 
This depth is difficult to designate precisely for photometers of the Evelyn type in 
w hich the slits are wade and in which cylindrical test tubes are used as cuvettes For 
these reasons, calibration data (extinction concentration relationships) should be 
determined for each instrument 

An alternative method may be employed for the determination and calculation of 
cholate concentrations According to this procedure, a standard solution of cholate 
IS carried through the reaction for color development along with each group of cholate 
solutions of unknown concentrations From the respective transmittancies of the 
solutions, the corresponding extinctions for the standard, «(, and the unknown, 
are calculated The concentration of cholate in the unknown solution, C„, is calcu- 
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spending concentrations of cholate in the onginal standard aqueous solu 
tions (e'^pressed as mg of chohe acid per ml ) Beer’s law is applicable 
over a satisfactory range of concentrations Because of the marked effect 
of the concentration of sulfunc acid used m the color reaction, calibration 
data should be obtamed wnth each new stock of reagent unless great care 
IS taken to adjust the concentration to exactly 16 n each time In Table 
I data are recorded for analyses of pure solutions of cholates by this 
method 

Seketton of Ophmum Conditions — Before adoption of the procedure for 
color development desenbed m the preceding section, a number of expen 


Table I 

Analyses of Solutions of Pure Cholate, Glycocholale, and Tawocholate Salts 
The analytical figures are averages of five determinations The average error 
of a single determination, a, is calculated from the equation, o = db Sr/n, where 
2t) IS the sum of all the deviations from the average, and n is the number of deter 
minations 


Tjpe of bile salt 

ConceotratioD 

(calculated) 

Average 

coDceDtration 

(determined^ 

Axcrage aaslyUcal 
recovery 

Awnge enor 
of single 
dclenniaaUoa 


mu 

mii 

per cent ef uieu^ 

uta 

ftreent 


2 40 

2 38 

99 2 

14 

1 

5 00 

5 02 

100 4 

1 2 

Glycocholate 

1 00 

0 99 

99 0 

1 6 


2 00 

2 01 

100 5 

1 5 

Taurocholate 

1 00 

0 97 

97 0 



2 00 

1 97 

1 98 6 

1 16 

Mixture of 





Cholate 

1 20] 



1 6 

Glycocholate 

1 oo[ 

3 17 

99 1 

Taurocholate 

1 ooj 

i 




ments were performed for the selection of optimum conditions These 
experiments are summanzed by Figs 2 to 6 and by the following statements 
(a) Optimum Concentration of Sulfunc Acid — The concentration 
sulfunc acid m the reaction mixture has a marked effect on the speci ci J 
of the reaction, on the hue of the color (as deternuned hy wave en^ 
transmittance curves), and on the relationship between extmction an c 
concentration of cholate The optima for temperature and duration o tn 
reaction also are influenced by the concentration of sulfunc aci° ^ 


lated from the concentration of the standard, C„ by the ” identical 

Since, by this method, standard and unknown solutioM are treated 
conditions, this procedure is useful when instruments for the precise 
and temperature of reaction are not available 
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of these several relationships for a vanety of concentrations of this reagent 
led to the adoption of the concentration recommended by Reinhold and 
Wilson (1), t e , 12 n in the reaction mixture (based on the volume of solu- 
tion before the termmal dilution with glacial acetic acid) This concentra- 
tion IS attamed by the use of the 16 n sulfunc acid reagent m the proportions 
stated above 

(6) Abridged Wave-Lengih-TransmtUance Curie — ^Fig 2 is an abndged 
wave-length-transmittance curve for the pigment produced m the reaction 
descnbed above Data for this curve were obtained with an Evel}Ti filter 



Fig 1 Fig 2 

Fig 1 Extinction concentration relationships for the furfural sulfuric acid reac- 
tion for cholic acid Concentrations refer to the cholic acid equivalents of the 
standard aqueous solutions of sodium cbolate which are used for color development 
Inasmuch as 1 ml portions of these solutions are used for color development, the 
concentration figures are the total quantities (nig ) of cholic acid contained in the 
final colored solutions 

Fig 2 Abridged nave length per cent transmittance curve for the pigment pro- 
duced from cholic acid (0 2 mg ) in the modified furfural sulfuric acid reaction 


photometer, and wave-length designations are the mean values of the trans- 
mission bands of the filters Although minimum transmittance occurs at 
660 mp, a slight advantage in precision is attained by determming cholate 
concentrations from measurements at 620 mp for a leason which is stated 
in a succeeding paragraph 

(c) Oplimum Temperature and Reaction Time {See Figs 3 and Ji) — Al- 
though attamment of minimum transmittance at 620 and 660 rap requires 
a longer reaction penod at 65® than at 70®, greater precision can be obtained 
at the lowei temperature, as suggested bj-^ the slower rate of increase m 
transmittance beyond the minimum point For a similar reason, a slight 
advantage in precision is attained by calculation of cholate concentrations 





444 


DETERMINA'nON OF CHOLATES 


from transmittance measurements at 620 m;i rather than 660 mii Data 
for time and temperature ma}’- be apphed directly onij nhen 18 mm test- 
tubes are used, but the general relationships are mdependent of this factor 

(d) Optimum Concenirahon of Furfural—The data of Vig 5 demonstrate 

that minimum transmittancies at 620 m^ are obtamed when the concen- 
tration of furfural in the reaction mixture is 0 12 to 0 15 per cent by i olume 
(based on the volume of the reaction mixture before the terminal dilution 
with glacial acetic acid) A standard concentration of furfural of 0 125 per 




Fig 3 Fig 4 

Fia 3 Per cent transmittance reaction time curves for the modified Oregon 
Paacoe reaction at 70° The quantities of cholic acid used for color deielopment 
Mere 05 mg for Curves A and A' and 0 1 mg for Cun es B and B' Data for Curves 
A and B Mere obtained on solutions from which glacial acetic acid was omitted, 
for Curves and B', on corresponding solutions m hich m ere diluted with 5 ml por 
tions of glacial acetic acid Curves designated b> the B>Tnbol O are per cent trans 
rmttancies at 620 m/i, and those designated bj the symbol # are measureroenta at 
660 mp 

PxG 4 Per cent transmittance reaction time curves for the modified Gregorj 
Pascoe reaction at 65° The curves are labeled in a manner corresponding to tho'c 
of Fig 3 

cent by volume was adopted for all reactions, and this is accomplished by 
use of the 1 per cent reagent as described above 

(c) Changes in Transmittance after Color Daelopment — ^Fig 6 pron es 
information concernmg the stabihty of the pigment at room temperature 
(23°) Dilution of the solutions xvith glacial acetic acid after termini ton 
of the reaction minimizes change m transmittance In addition, it mun 
ishes or prevents turbidity x\ hich otherwise develops occasionally m an 
vses of filtrates or extracts of bile and blood „ctvMed 

(/) Specificity of Color Reaction — ^Remhold and Wilson (1) mv i 
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the specificity of the reaction by tnals upon a variety of compounds We 
have verified their conclusions and have extended the investigation It is 
particularly important to note that in the Bile acid senes, desoxychohc, 
chenodesoxychohc, a-hyodesoxycholic, y3-hyodesoxychohc, hthochohc, de- 
hydrochohc, and 3-hydroxy-6-ketoallocholanic acids do not yield color m 
the modified reaction Thus, in this group of compounds, the reaction 
appears to be specific for 3,7 , 12-tnhydroxycholanic acid, either imconju- 



OF reaction MIXTURE) 



Fig 5 Fio 6 

Fig 5 Effect of variations in the concentration of furfural m the reaction mixtures 
(temperature of reaction 65°, duration 13 minutes) The concentrations are ex- 
pressed as ml of pure furfural per 100 ml of the reaction mixtures (based on the 
volumes before dilution mth glacial acetic acid) However, glacial acetic acid was 
added to the final colored solutions before the transmittancies (620 m;j) mere deter- 
mined Reactions were conducted with the following quantities of cholic acid 
Curve A, 0 25 mg , Curve B, 0 2 mg , Curve C, 0 1 mg 

Fig 6 Changes in per cent transmittancies (620 irifi) of the colored solutions dur 
mg periods of standing at room temperature after completion of the color developing 
reaction All solutions were prepared with 0 1 mg of cholic acid (in 1 ml of distilled 
water), 6 ml of 16 N sulfuric acid, and 1 ml of 1 per cent aqueous furfural reagent 
Reaction temperature 65°, reaction time 13 minutes Curve A, undiluted solution. 
Curve B, solution diluted with 5 ml of glacial acetic acid. Curve C, solution diluted 
•pith 5 ml of 95 per cent ethyl alcohol 


gated (cholic acid) or conjugated (glycochohc and taurochohc acids) Of 
the compounds hkely to occur in bile and blood, only tryptophane and 
other indole denvatives react ivith furfural xvith the production of pigments 
with appreciable absorption m the region of the spectrum w here cholate is 
determined However, filtrates and extracts of bile and blood, prepared 
as descnbed, contain only traces of indoles as indicated by application of 
the quantitative method of AIlsopp (20) This can be used in doubtful 
cases Certain special aspects of the question of specificity of the method 
as apphed to the determination of cholate in blood are considered in subse- 
quent sections of this papei 
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Preparation of Bile Filtrates for Cholate Dekrminations—RemMd and 
Wilson (1) recommended the use of alcohol for the deproteimzation of bile 
for cholate determmations Doubilet (4) suggested the use of zinc snlfate 
and sodium hydroxide solutions Both of these procedures ivere evamined 
for their suitabihty for photometric analyses, and both were found to be 
satisfactory under specified conditions Removal of protein with alcohol 
IS simple and rapid, but the filtrates are contaminated with bile pigments 
"When the ratio of cholate to bile pigment is high, the presence of pigment 
causes only slight error if blank corrections are made with the filtrates 
The eiroi becomes significant when the ratio of cholate to pigment is Ion, 
and the zmc method is prefeiable for such samples 
When alcoholic filtrates are used, aliquots of the alcoholic solutions are 
evaporated in test-tubes by immersion in a bath of boiling water The 
residue is dissolved in 1 ml of distilled water, color is developed as de 
scnbed in a precedmg section, and the extinction at 620m;i, ej, is calculated 
from the transmittance The tiansmittance of a reagent blank is taken as 
unity When the filtrates contain appreciable amounts of bile pigments, 
corrections are made mth filtrate blanks This blank is prepared from a 
mixture of the following composition the dned residue from an equivalent 
portion of alcoholic bile filtrate, 2 ml of distilled water, and 6 ml of 16 ^ 
alfunc acid This solution is heated for 13 minutes at 65® At the end 


of the penod of heatmg, the solution is cooled to room temperature and 
is diluted mth 5 ml of glacial acetic acid The extinction, tj, is calculated 
from the fractional transmittance based on that of a reagent blank as unify 
The amount of cholic acid in the aliquot of the alcoholic filtrate is calculated 
from the equation, C = (el — el)/e, (see foot-note 2) 

The cholic acid concentration can be calculated also from the e'rtmction 


at 660 mu If close agreement is not obtamed between the values calcu- 
lated from measurements at 620 and 660 mu, the discrepancy suggests that 
extraneous substances m the bile filtrates are mterfenng mth the deter 
minations The values calculated from measi'i-ements made at 620 mu 
are usually more accurate than those based on determinations at 660 mu 


tor reasons explained m a precedmg section l i * /ji 

Filtrates of bile prepared by a method similar to that of Doubue J 
are almost colorless and filtrate blanks are negligible Color deielopmen 
IS earned out directly on 1 ml portions of these aqueous filtrates orappropn 


ate dilutions thereof „ , , rj 

Typical analyses of human, o\, and camne bile are presentea m 
Both methods for the preparation of protem-free „{ 

for companson, and reco\ery determmations were made a ter a 
known amounts of cholate, glvcocholate, and taurocholate sa 


samples of the same bile specimens 
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Procxdures for Determmation of Chohte tn Whole Blood and Plasma — 
The determination of cholate m blood has been beset by two prmcipal diffi- 
culties, namely, iincertamties regarding the specificity of the photometno 
methods and problems encountered m the attempts to prepare colorless, 
protein-free filtrates of blood mthout analytically prohibitive losses of 
cholate by precipitation and bv adsorption on the protem residues The 
latter difficulty has been minimized by several investigators (3, 14, 21) by 

Table II 

Delerminatton of Cholate in Typical Samples of Bile and Analytical Recoiery oj Cholate, 
Glycocholate, and Taurocholate Salts Added to Bile 
The analytiea! figures are averages of sue determinations The following sym 
bols ate used C •= cholate, Gc = glj eocholate, Tc = taurocholate The statisUcal 
notations used in this and the follow mg tables are as follows a ~ average error of a 
single detennination (see Table I), Aj = the average error of the avera ge anal} t ical 
recovery Ai is calculated from the following equation A, = A’ + A’, in 
w hich Ai and A* are the average errors of the average initial and final concentrations, 
respectively A = ± "Zvlns/n Values for A, and As are omitted from the table 


Tipe of bile 

Method 
fo rcmoviog 
protem 

Initial 
coQcec 
tratioQ of 
cholate 
to biie 
(average) 


. salt 
added 

j 

Amount 
of bile 
salt added 
per liter j 

j 

Fm&l con 
centrEtion, 
of cholate 
in bile 
(average) 

j 

Analytical 
rcco\ery 
of added 
bile salt j 
(average) j 

B 



mu 

per cent 


mu 

mu 

per cent 

per cent 

Gallbladder, 

Alcoholic 

132 

2 8 

c 

100 

230 

98 0 

2 7 

o\ 

Zme 

129 

2 3 

it 

100 

227 

98 0 

2 4 


tt ^ 

129 1 

2 3 

Gc 

100 

225 

96 0 

2 3 



129 

2 3 

l< 

150 

276 

97 5 

1 8 


ft 

129 

2 3 

Tc 

100 

223 

94 0 

2 5 

Gallbladder, 

Alcoholic 

112 

2 6 


100 

207 

95 0 

i 2 4 

man 

Zinc 

110 

2 5 


100 

206 

96 0 

j 22 

Gallbladder, 

Alcoholic 

152 

2 6 


100 

248 

96 0 

2 S 

dog 

Zinc 

150 

2 1 


100 

248 

98 0 

2 5 

Hepatic, dog 

Alcoholic 

37 

3 0 

Tc 

100 

130 

93 0 

i 1 


Zinc 

38 

2 4 

(< 1 

100 

133 

95 0 

1 3 

1 

1 

H 

38 

2 4 

<< 

150 

179 

94 0 

1 3 


tt 

38 

2 4 

Gc 

150 

186 

98 5 

i 


precipitation of proteins ivith alcohol and removal of pigments b3'' addition 
of banum hydroxide 

We have used two methods for the preparation of filtrates and extracts of 
blood for cholate estimations The first is a procedure which is smtable 
for routine analyses because of its relative simplicity, it is an adaptation of 
the method of Josephson (3) Because of the difficulty with Josephson's 
technique of removing lipids from the filtrates by extraction mth ethyl 
acetate, we have substituted ethjd ether at that stage This substitution 
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renders centrifugation unnecessary According to Josephson’s procedure, 
the alcohohc filtrates are evaporated by boiling in open tubes This 
operation is tedious, and it is a source of difficulty because of partial h) drol 
ysis of hpids, leading to turbidity at a later stage, and because of partial 
destruction of cholate This difficulty was eliminated by evaporation of 
the filtrates in vacuo Addition of glacial acetic acid to the final solutions 
after color development is also an improvement in the method, because it 
aids in the elimination of turbidity The second method which ue are 
presenting is an extended procedure which provides greater specificity 
Short Method for Routine Determination of Cholate in Blood and Plasm 
(Modification of J osephson’s Procedure ) — Into a 250 ml volumetric flash 
containing 50 ml of absolute ethyl alcohol (absolute alcohol is used to 
minimize water in the final solution) a 5 ml portion of banum hydroxide 
reagent® is introduced During continuous agitation of the flask, exactly 
10 ml of hepannized'* whole blood or plasma are added slowly, and the flask 
IS immersed in boiling water for 5 minutes After the penod of heating, 
absolute alcohol (neutralized to litmus) is added almost to the 250 ml 
mark, and the flask is kept at room temperature for about 12 hours The 
long penod is necessary for complete precipitation of pigments Then the 
volume IS adjusted exactly to 250 ml , and the solution is filtered (fSTiatman 
■ter paper. No 42) If the first portion of the filtrate is turbid, it is passed 
■ugh the paper agam No attempt is made to collect more than about 
210 ml of the filtrate, and the precipitate is not washed ® 

Excess banum is precipitated from the alcoholic filtrate by addition of a 
drop of concentrated sulfunc acid After flocculation of the banum sulfate, 
the solution is made alkaline to litmus again by the eddition of 2 or 3 drops 
of a concentrated solution of sodium hydroxide 'f only a few drops of 
sulfunc acid and sodium hydroxide solutions are used, the slight dilution 
error is neglected The solution is permitted to stand at room temperature 
for several hours to allow banum sulfate and sodium sulfate to settle com 
pletely At the end of this penod, it is filtered through Whatman No 4 


* This reagent is a saturated (room temperature) aqueous solution of barium > 
droxide containing 1 gm of banum acetate per 100 ml 

1 Whole blood and plasma containing oxalate or citrate should not be use , sin 
these anions cause precipitation of barium , 

s Theoretically, a requisite condition for omission of the technique of was ' 
precipitate nould be equal distribution of cholate betaeen equal ® 

and of wet precipitate Actuall>, the distribution coefficient is slig y 
unity Nevertheless , the n ashing technique v. as not adopted, masmuc “ “ 
tive experiments and analyses demonstrated that it caused ^ theorclical 

and disproportionate extraction of interfering substances n hich offse 
advantage Recovery analyses are sufficiently consistent to P^''™ , ,„ye3 

to correct for over all losses of cholate However, all anal} ses reco 
are uncorreoted 
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paper The precipitate is not washed The filtrates usually are clear and 
colorless, but occasionally they become slightly cloudy on standing, oiving 
to additional precipitation of sodium sulfate Such turbidity can be 
overcome by another filtration, but this is not essential, smce the sodium 
sulfate precipitate does not interfere with subsequent phases of the analysis 
The rare samples which are colored at this stage are discarded, and the 
analysis is repeated 

Exactly 200 ml of the filtrate are evaporated to a small volume m several 
stages m a 50 ml flask attached by means of a ground glass jomt to a vac- 
uum distiUing head ® During the vacuum distillation of the alcohol, the 
temperature of the bath m which the flask is immersed is mamtamed at or 
below 35° When the entire 200 ml portion of filtrate has been concen- 
tiated to about 10 ml , the concentrated solution is filtered to remove the 
precipitate which forms dunng evaporation The filtrate is collected m a 
special cahbrated tube® and the flask, funnel, and residue are washed seveial 
times with small portions of absolute alcohol m order that the transfer 
may be quantitative The total volume of solution m the tube should not 
exceed 15 to 20 ml The tube is attached to the distilhng head mth the 
capillary tube inserted to prevent bumping, and the alcohol is evaporated 
to drjmess under reduced pressure ivith a bath temperature of 35°, or less 

The alcohol-free residue is dissolved in 3 ml of 0 1 n sodium hj'-drovide 
solution, approximately 10 ml of peroxide-free ethyl ether^ (saturated with 
distilled water) aie added and the tube is closed with a ground glass stopper 
and shaken for several minutes The ether layer is permitted to separate 
and IS removed by means of a suction tube The extraction mth ether is 
repeated three additional times to complete the removal of cholesterol and 
neutral fat The ether fractions are combined and are extracted once nith 
about 1 ml of distilled water which is made alkahne with a few drops of 
dilute sodium hydroxide solution This washing is added to the prmcipal 
aqueous fraction in the tube, and residual ether is removed from the solution 
by immersing the tube m a bath of hot water for a few minutes The solu- 
tion IS cooled and is neutralized to litmus The volume is adjusted exactly 

* A suitable vacuum distilling apparatus «ith interchangeable ground glass joints 
can be obtained from the Scientific Glass Apparatus Companj , Bloomfield, Nev Jer- 
sej (catalogue No J 1447) For the final e\ aporation of the filtrate, « e use a special 
calibrated tube similar to the one described by Josepbson (3), but provided with a 
ground joint for attachment to the vacuum distilling head 

'Dr R M Forbes of \Va\ne Unuersitj College of Medicine has obsened that 
some samples of c p ethi 1 ether contain peroxides in amounts w hich are sufficient to 
interfere with the determination of cholate perhaps bj oxidation of the bile acid 
Before use in this method, all samples of ethjl ether should be tested (22) to insure 
freedom from peroxides Peroxides can be remoxed from ether bj the method of 
Taylor and Smith (23) 
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to the 5 ml mark m the constncted portion of the tube For the sake of 
clanty in subsequent discussion, this solution is designated Solution S 
1 ml portions of Solution S are used for color development hy the pro- 
cedure descnbed m the section on e'rtinction-concentration relationships 


Tabu: III 

Concenlralrons of Chotate in Whole Blood and Plasma from Peripheral Circulatton oj 
Normal Animals and Analytical Recoveries of Cholale Salts Added to These 

Blood Samples 

All analyses reported in this table were made on filtrates prepared by the shorti 
routine method The analytical figures are the averages of four determinations 
The statistical figures are the average errors of the averages C = cholate, Gc» 
glycocholate, Tc = taurocholate 


Animal and type of 
blood sample 

Initial 

conceatraton of 
choUte (fts 
cholic acid) 


mi per JOO ml 

Hog plasma 

0 2 ± 0 1 

(C 

0 2 ± 0 1 

(( << 

0 3 ± 0 1 

« « 

0 2 i 0 1 


0 2 ± 0 1 

tt l( 

0 2 ±0 1 

(t (t 

0 2 ± 0 1 

it n 

0 2 ± 0 1 

tt tt 

0 2 ± 0 1 

tt tt 

0 2 ± 0 1 

it tt 

0 2 ± 0 1 

ft it 

0 2 ± 0 1 

tt tt 

0 2 ± 0 1 

tt tt 

0 2 i 0 1 

tt tt 

0 2 ± 0 1 

“ whole blood 

0 3 ± 0 1 

tt tt tt 

0 4 ± 0 2 

tt it ft 

0 4 d= 0 2 

r\ << << 

Ov 

0 6 ± 0 2 

u tt 

0 6 ± 0 2 

“ plasma 

0 5 ± 0 2 

Dog IV hole blood 

0 7 ± 0 2 

Human “ ‘‘ 

0 5 ± 0 2 

“ plasma 

0 4 ± 0 2 



Amount of 

Fmal conccQ 

An&lytia! 

bile salt 

tration of 

rccoNcryof 


cholate (as 

added 

cholic acid) 

cholic acid) 

cbotaie 


mi ttrlOOmI f trial 


18 8 ± 0 8 
19 4 ± 0 8 
14 4 ± 0 6 
14 0 ± 0 7 
13 4 ± 0 9 
8 9 ±0 5 
8 6 ±0 5 
4 5 ±0 3 
4 3±04 
3 5±03 

3 3±0 3 
2 6 ±0 3 
1 7 ±0 2 
0 8±0 2 

0 5 ±0 2 
17 9 ± 0 9 

8 8 ±0 5 

1 8±02 

4 6±04 

9 3 ±0 5 
4 8 ±0 3 
9 O±0 4 
9 0±0 5 
4 6 i 3 


93 ± 4 
96 ± 4 
94± 4 
92 ± 5 
SS± 6 
87 ± 0 
S4± 5 
86± 6 
82± S 
S3± 8 
78 ± S 
SO ±11 
75 ±11 
60±22 
60±44 
8S± 5 
84 ± 6 
70 ± » 
S0± 9 
87 ± 0 
86 ± 7 
S3± I 
85± 8 
82± 7 


The extinction, ei, is calculated from turbid 

the transmittance of a reagent blank as unity Correc 5,^1001100, 

ity or a tiace of extraneous color m Solution S is made r ,pj,e 

ei, of a filtrate blank, as descnbed in the section on bUe anab 
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concentration of cholic acid in Solution S (mg per ml ) is multiphed by the 
factor 62 5 to obtain the concentration of cholate in the blood or plasma in 
mg per 100 ml if the e\act volumes of samples and filtrates used m the 
determination are those specified above For the analysis of specimens of 
blood or plasma TOth concentrations of cholate less than 2 mg per 100 ml , 
samples larger than 10 ml must be used, and the volumes of alcohol and 
banum hydroxide reagent are increased proportionally Apphcations of 
the routine method are recorded m Tables III and IV 
Extended Method for Preparahon of Extracts of Blood for Cholate Deter- 
minations — Prehmmary extraction of the blood or plasma sample is con- 
ducted as descnbed in the precedmg section with the exception that the 
final aqueous solution, S, is not neutrah 2 ed and the volume is not adjusted 

Table IV 

Cholate Coneenlraltons tn Blood from Peripheral Circulation of Dogs mth Common 
Bile Duct Ohslrucltons before and after Oral Administration of Dried Ox Bile 
All analyses were performed on blood filtrates prepared by the short, routine 
method 


1 

No of 
expenmeots 

DuratlOa of 
obstruction 

Average uiitul 
concentration of 
blood cholate 
(aa choUc acid) 

Dried ox bile 
administered 
orally 

Interval 
between bile 
administration 
and blood 
collection 

Average £na] 
concentration of 
blood cholate (as 
cholic acid) 


days 

mg per 100 ml 


hrs 

mg per 100 ml 

2 

1 

6 3 

2 

5 

14 2 

2 

2 

7 6 

2 

5 

17 4 

1 

2 

9 2 

3 

5 

24 1 

3 

4 

4 2 

2 

3 

10 1 

2 

10 

2 9 

8 

6 

13 2 

2 

20 

15 

3 

5 

8 7 


to 5 ml This solution is transferred quantitatively to a Pyrex test-tube 
which has been constneted near the neck The total volume of solution 
plus aqueous washmgs is about 6 ml Ethyl alcohol and sohd sodium 
hydroxide are added m such amounts that the final solution contains about 
40 per cent alcohol and 12 per cent sodium hydroxide The tube is sealed 
with a flame at a point m the constneted portion, which will leave less than 
2 ml of space above the surface of the solution Dunng seahng most of the 
air IS dnven from the tube by alcohol vapor After the sodium hydroxide 
has dissolved completely, the tube is heated m an autoclave at 115-120° for 
10 hours to hydrolyze the conjugated bile salts At the end of the penod 
of hydrolysis, the neck of the tube is broken, and the solution is transferred 
quantitatively to a flask and evaporated to a small volume under reduced 
pressure to remove alcohol The residue is transferred quantitatively mth 
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water to a separatory funnel, and the solution is acidified to about pH 1 
mth sulfunc acid while the funnel is cooled in a bath of ice water (Trans 
fer to the separatory funnel is earned out before acidification in order to 
prevent loss of cholic acid by precipitation ) After five extractions of the 
acidified solution vith 15 mi portions of peroxide-free ethyl ether, the 
aqueous phase is discarded, and the combmed ether extracts are Hashed 
once with a 5 ml portion of 0 1 n sulfunc acid The washing is discarded 

Table V 

Hydrolysis of Conjvgated Cholates in AlXoline SohiUons 


In each C'^penment the total volume of solution was 10 ml All figures are aier 
ages of five separate experiments 


Type of coniugatcd 
bile salt 

Cholic 

acid 

equiva 

lent 

Conditions for hydrolysis 

Anabiical 
recover) of 
cholic actd 

Apparatus used 

Tempera 

ture 

Coace n. 
tration 
of ethjl 
alcohol 

Concen 
tratjoa 
of sodiure 
htdroic 
idc 

Dura. 

, tion of 
hydrol 
ysis 




C 

^tr cntl 

Per cent 

hrs 

mx 

Glycooholate 

I 0 

Flask vath 

80-90 

50 

7 6 

6 

0 5 ±0 1 


2 5 

reflux con- 


50 

7 5 

6 

1 15 ± 0 3 


1 0 

denser 

Kiislfrl 

50 

7 5 

22 

0 71 ± 0 1 

1 

1 0 


80-90 

50 

15 

12 

0 83±01 

1 

1 0 


80-90 

50 

15 

15 

0 89 ± 0 1 


I 0 

Sealed tube 

100 

50 j 

15 

5 j 

0 62 ± 0 2 


I 0 

in auto- 

100 

50 

15 

1 15 

0 91 ± 0 1 


1 0 * 

clave 

115-120 

50 

15 

1 5 

, 0 74 ± 0 2 


1 0 


115-120 

50 

15 

10 

0 96 ± 0 06 


1 0 


115-120 

40 

12 

10 

0 98 ± 0 02 


2 0 

i 

115-120 

40 

12 

10 

1 98 ± 0 (h 


6 0 


115-120 

40 

12 

10 

4 95 ± 0 10 

Taurocholate 

1 0 


115-120 

40 

12 

10 

0 94 ± 0 03 


2 0 


115-120 

40 

12 

10 

1 92 ± 0 Oo 


1 0 


115-120 

50 

15 

10 

0 92 ± 0 04 


1 0 


115-120 

50 

15 

15 

0 96 ± 0 03 


Then the ether fraction is extracted four tunes with 5 ml portions o t * 
hydrochlonc acid (saturated with ether pnor to use in the 
Chohe acid is extracted from ether by hydrochlonc acid solutions o 
concentration (24) (see Table VI) The combmed acid extract are p) 
m a separatory funnel, and the nu-xturc is adjusted to about p 
tion of a 20 pei cent solution of sodium hydroxide After ve 
with 15 ml portions of peroxide-free ethyl ether, the et er ex ^ 
combmed and are washed once with 5 ml of 0 1 n sulfunc aci 
ous phases are discarded The ether fraction is made shgMiy auu. 
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IS evaporated m several stages in the special tube and distilhng apparatus 
descnbed in the preceding section (see foot-note 6) The ether-free residue 
is dissolved in distilled water, the solution is made alkahne to litmus with 
sodium hydroxide, and the volume is adjusted exactly to the 5 ml mark 
in the constncfed portion of the tube (The final aqueous solution may be 
brought accurately to a smaller volume if a prelimmary analysis has indi- 

Table VI 

Dtstrtbulton of Cholic Acid between Ethyl Ether and Solutions of Hydrochloric and 

Stilfunc Acids 

In these experiments various quantities of cholic acid were dissolved in 25 ml 
portions of ethyl ether and extracted with 5 ml volumes of a variety of solutions of 
mineral acids The mineral acid solutions were saturated wnth ethyl ether before 
use in the extractions However, the recorded concentrations of these solutions are 
those which existed before saturation with ether 


Total Quantity 
of cholic acici 

Type and concentration 
of mineral acid 

Average distribution of cholic acid at equilibrium 

Concentration m 
mineral acid 

M) 

Concentration 
la ether 

l£) 

Distribution 

ratio 

U E) 

fftg 





mg per JOO ml 

per 100 ml 



1 

0 

S 

N HiSO, 

0 

60 

3 

68 

0 

16 

1 

2 

0 

it 

It 

1 

0 

3 

60 

0 

28 

1 

S 

0 

tt 

tt 

1 

3 

3 

56 

0 

36 

1 

6 

0 

4t 

tt 

I 

4 

3 

48 

0 

40 

1 

7 

0 

(i 

tt 

1 

8 

3 

42 

0 

53 

1 

8 

0 


tt 

2 

6 

3 

36 

0 

77 

2 

8 

0 

<< 

tt 

4 

8 

6 

68 

0 

72 

1 

1 

7 

it 

HCI 

1 

8 

3 

54 

0 

51 

1 

3 

4 

it 

tt 

3 

6 

3 

14 

1 

15 

1 

4 

9 

it 

tt 

10 

0 

2 

00 

5 

0 

1 

6 

0 

<< 

tt 

14 

5 

1 

06 

13 

7 

1 

6 

7 

ti 

It 

16 

0 

0 

64 

25 

0 

0 5 

6 

7 

It 

tt 

8 

1 

0 

34 

23 

8 

0 1 

6 

7 

It 

It 

1 

7 

0 

07 

24 

2 

2 0 

6 

7 

It 

41 

32 

4 

1 

22 

26 

6 


cated that the concentration of cholate is low ) Cholate is detennmed in 
1 ml samples of this solution, as descnbed in the preceding section 
In the development of this extended method for the preparation of ex- 
tracts of blood and plasma for cholate determinations, several investigations 
were necessary to estabhsk. satisfactory conditions By alkahne hydrolysis 
of Solution S the conjugated cholates (glycocholate and taurocholate) are 
converted to cholate, thus permitting extraction of cholic acid with ethyl 
ether after acidification of the hydrolysate (Unconjugated bile acids are 
soluble in ethyl ether, but conjugated bile acids are practically insoluble m 
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that solvent ) This procedure eliminates those substances which are pref- 
erentially soluble in the acid ai^ueous phase Numerous conditions for 


Table VII 

ConcentralioTis of Cholate in Whole Blood and Plasma from Peripheral Circulation of 
Normal Animals and Analytical Recoveries of Cholales Added to These Samples 
All analyses reported in this table ^ere performed on blood extracts prepared 
by the extended method The analytical figures are the averages of four determma 
tions The statistical figures are the average errors of the averages C = cholate, 
Go = glyoocholate, Tc = taurocholate 


Animal and type o{ 
blood sample 

Initial 

concentration of 
cholate (as 
cholic acid) 

Type of 
bile salt 
added 

Amount of 
bile salt 
added (in 
terms of 
cholic acid) 

Final concen 
tration of cholate 
(in terms of 
cholic acid) 

Aulyttal 
recovery of 
added 
cholate 



mg Ptr 100 mt 


mg Per 
idb ml 

mg per 100 ml 

per cent 

Hog plasma 

0 1 ±0 06 

c 

20 

17 9 ± 1 0 

89 ±5 

<< 

<( 

0 1 ± 0 07 

« 

15 

12 5 ± 0 9 

83±6 

(( 

<c 

0 05 ± 0 04 

Gc 

5 

3 9 ±0 4 

77±8 

<t 

whole blood 

0 15 ± 0 05 

it 

15 

12 2 if: 1 0 

80±7 

if 

(( (t 

0 IS ±0 05 

Tc 

10 

7 9±0 7 

78 ±7 

Ox 

H 

0 3 ±0 1 

Gc 

10 

8 6±0 7 

82 ±7 

Dog 

<( 

0 5 ± 0 2 

if 

6 

4 2 ±0 4 

74 ±9 

r 

whole blood 

0 4 ± 0 2 

if 

10 

8 1 ±0 6 

77±6 


Table VIII 

Cholate Concentrations in Blood from Peripheral Circulation of Dogs and Men vnth 
Common Bile Duct Obstructions before and after Oral Administration of Dried 

Ox Bile 

All analyses reported in this table were made on blood extracts prepared by the 
extended method, v, ith the exception of the analyses of blood from the human cases 
The latter were performed on blood filtrates which were rendered protein free ) 


Animal 

Duration of 
obstruction 

Initial 

concentration of 
cholate (os 
cholic acid) 

Dned ox bile 
administered 

orally 

Interval 
between bile ad 
ministration and 
blood collection 


days 

mg per 100 ml 

gm 

Ars 

Dog 

1 

4 2 

2 

5 

it 

2 

8 4 

2 

5 

it 

21 

2 3 

2 

5 

Man 

7 

1 6 

3 

15 

Ct 

? 

1 1 

5 

10 

(1 

? 

9 2 




FimI 

concentration w 
cboUle (« 
cholic tail) 


ml ftrlHOi^ 
10 6 
16 1 
94 
3 T 
7 4 


hydrolysis were tned for the selection ol an optmum wmu 
maximum hydrolysis of conjugated cholates xvith 
of cholate These expenments are summanzed in Tab e 
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The ether extracts of the acidified hydrolysates contain, in addition to 
cholic acid, small amounts of fatty acids and other ether-soluble impunties 
Further fractionation is accomplished by extraction of the ether phase with 
concentrated solutions of hydrochlonc acid Wieland and Seibert (24) 
reported that bile acids can be extracted from ether by such a procedure, 
thus distinguishing them from many othei ether-soluble organic acids 
However, they applied the technique only to the isolation of relatively large 
quantities of bile acids from bile, and they did not record extensive studies 
of the distribution Expenments to determine optimum conditions for the 
extinction of small quantities of cholic acid from ether are summarized in 
Table VL A 6 7 v solution of hydi oclilone acid was adopted for the analyt- 
ical procedure, inasmuch as this concentration provides efficient extraction 
of cholic acid with apparently minimum extraction of extraneous matenal 
Hydrochlonc acid solutions are much more effective foi extracting cholic 
acid from ether than are solutions of sulfunc acid of coi responding con- 
centrations (Table ^T) 

Cholate was deteimmed by tbe routine method and by the extended 
procedure m blood from the penpheral circulation of normal animals (Ta- 
bles III and VII) and of those with biliary obstructions (Tables IV and 
VIII) In addition. Tables III and VII include data from recoveiy anal- 
yses of samples to which known amounts of cholate, glycocholate, and 
taurocholate salts were added 


DISCUSSION 

The fact that cholate does not occur m the bile of the hog provides sub- 
stantial basis for the belief that cholate is not present in the Mood of this 
animal Therefore, the absence (except traces) of matenal yieldmg positive 
color reactions for cholate in ex-tracts of hog blood prepared by the short, 
routine method and by the extended procedure is an important mdication 
of the specificity of the methods The traces of “cholate” determined in 
hog blood (Tables III and VII) represent errors resulting from slight absorp- 
tion at 620 m /1 by extraneous substances foi which the blanks do not pro- 
vide completely adequate correction Extracts prepared by the extended 
method (Table VII) contain smaller amounts of interfenng substances than 
those prepared by the routine procedure (Table III) 

The data of Tables III and VII demonstrate that the accuracy of analyt- 
ical recovery diminishes with decreasing concentrations of cholate m blood 
Analytical recovenes of cholate fiom serum and plasma samples are some- 
what greater than recovenes obtained from whole blood specimens, and 
extract blank corrections are smaller Recoveries with the extended 
method are slightly lower than those with the routine procedure, but the 
former provides greater specificity 

Analyses of blood samples collected from the penpheral circulations 
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(hrab veins) of various normal animals (Tables III and TO) demonstrated 
that cholate was not present in concentrations winch could be detennined 
accurately by these methods (the concentrations generally iiere less than 
1 mg per 100 ml of blood) Hon ever, it is of interest that the analjdical 
figures for concentration of blood cholate m animals which normallj secrete 
cholate in their bile (ox, dog, and man) were greater than those for the hog, 
which does not secrete cholate This provides additional basis for the 
belief that small amounts of cholate actually are present m the s)’stemic 
blood of these three ammals We have not studied bj these methods a 
sufficiently large senes of normal ammals to establish statistically the upper 
limits of the normal ranges of blood cholate concentrations In contrast 
to the normal condition, blood samples from limb veins of men and dogs 
with biliary obstructions were found to contam cholate in 808114103111 
determinable and appreciable amounts evcept in those cases in which the 
obstruction was of long duration and m which there was reason to expect 
some liver damage with consequent failure of the simthesis of cholate 
(Tables IV and nil) Oral administration of cholates (sodium salts of 
cholic, glycocholic, and taurocholic acids), or of desiccated o\ bile contain 
mg cholates, to animals with biliary obstructions mcreased the concentra 
tion of cholate in the penpheral circulation (Tables IV and \ III) These 
,.1 ous observations indicate that normally the cholates remain largely 
the enterohepatic circulation without passing the Ux'cr and entenng the 
penpheral circulation m appreciable amounts unless the pathway for the 
excretion of bile is blocked 


SUMMARY 


The method of Reinhold and Wilson has been adapted for the determma 
tion of cholates with a filter photometer With this modified procedure, 
the average analytical recovery of cholate is 99 1 ±07 per cent of f e 
theoretical for pure solutions and 96 ± 2 1 per cent for bile The axerage 
errors of single determinations are ±15 per crnt for pure solutions o 
cholates and ±2 5 per cent for bile . 

Two methods are descnbed for prepanng e/tracts of blood for ® ° ® 
analyses, one, a modification of Josephson’s procedure, is ® ^ 
routme determmations, and the other is an extended method w ^ 
vides greater specificity With the routme procedure, ana 'Tica 
enes of cholate added to samples of blood are 92 ± 5 per cent ° ^ g 

retical for concentrations between 15 and 20 mg per 100 n ]|pr 

per cent for concentrations of 5 to 10 mg per 100 ml o jjppfon 

concentrations are estimated with less accuracy , and ™ ® j 
mations are obtained for concentrations below 1 mg per 
mmations of cholates m blood collected from hmb veins of men 
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with biliary obstructions demonstrated appreciable concentrations, par- 
ticularly after oral administration of these bile salts By contrast, m 
normal animals cholate concentrations generally were found to be less 
than 1 mg per 100 ml of blood 
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extracted mth chloroform vhich dissolves the neutral constituents (bufa 
gins) The residual venom is then dried and trace extracted rath large 
amounts of cold methanol The solution is ex^aporated at a Ion tempera 
ture, the residue is dissolved m a small amount of ethanol, and chloroform 
IS added until no more precipitation takes place The solution contains 
the toxic bufotovms, the basic constituents are m the precipitate This 
precipitate is well dried and dissolxed m iiater The faintlj acid solution 
is filtered, brought to pH 2 5, and extracted rath ether (In all operations 
perovide-free ether must be employed ) By evaporation of the ether, 
subenc acid is obtamed from some venoms 

The residual water solution is now made alkaline rath banum hydroxide 
and again extracted with ether, from which bufotenine is obtained as a 
yellow syrup This syrup is dissolved m a small amount of hvdrochlonc 
acid and the solution divided into two parts To one flavianic acid is 
added, and, by heating and then cooling, the bufotenine flavianate ensfa! 
lizes as red needles, which can be punfied by leciystallization from water, 
m p 131-133° (3) To the othei solution picnc acid is added, the resulting 
red bufotenine dipicrate, m p 174°, can be transformed into the \ello" 
monopicrate, m p 180°, by boiling with benzene and lecrjstalhzang from 
water (4) The bufotenine can be further charactenzed bv transforma 
tion into bufotenidme hydroiodide, mp 215°, by treatment rath meth)l 
iodide (5) 

The alkaline water solution is freed of banum by addition of dilute 
sulfuric acid and tested for bufotenidme by addition of flananic acid 
None of the samples contamed this base The solution is then conctn 
trated at low temperature and about pH 7 Fiom time to tune, usuall' 
when the volume is i educed to one-half, a sample is taken, made slighth 
acid, and treated with picric acid If dehy drobufotenine is present, a 
yellow picrate is obtained, which aftei recrystalhzation from ab'olute 
ethanol melts at 187° From 50 per cent ethanol it melts indefinite j a 
147-150° Wieland and Wieland (4) point out that the low melting form 
IS ti ansformed into the high melting by boiling with mineral acids 

The dried venom lesidue which has been extracted with chloro orm an 
with methanol can be fuither employed for the isolation of . 

the method desenbed by Deulofeu (6) after extraction rath a pof ^ 


water solution of acetic acid pnomcan 

Bv this method all the above basic constituents of a toad s v 
readily be charactenzed We have been unable to obtain u o 
which can be v ery easily isolated from dned toad skins 
Toad Skms— The well dned toad skms were extracted tra 

volumes of 70 to 80 per cent ethanol The treated 'nth 

trated at low temperature almost to drymess and the resi 
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Ee\eral portions of peti oleum ether, until this solvent leaves no residue on 
ei apoiation 

The residue, insoluble in petroleum ether, is then treated vith a small 
amount of absolute ethanol, vhen most of it dissolves, leanng msoluble 
inorganic salts and bufothiomne This insoluble residue is filtered and by 
crystallization from v ater, inth the aid of charcoal if necessarj% the bufo- 
thionine can be isolated as colorless prisms, m p 250° (darkenmg from 
about 240°), and further charactenzed by transformation mto dehydro- 
bufotenine hydrochloride (m p 244°) by boiling with 2 n hj-^drochlonc 
acid 

The ethanolic solutions are then concentrated to a small volume and 
poured mto a large amount of iced vatei A precipitate, mainly bufagms, 
is removed, the filtrate containmg the bases is concentrated at Ion tempera- 
ture, filtered again if some precipitate appears, and brought to pH 2 5 
Fiom it suberic acid, bufotenme, dehydrobufotenme, and even bufoteni- 
dine, if present, can be isolated by the method descnbed foi the dned 
1 enom 

Adrenalin could not be isolated, even from skins of toads of which 
the dned venom contained it It is apparentlv destroj ed b}' the process 

In all cases mixed melting points inth authentic preparations neie 
deteimined 

Results 

Bufo chilensts — ^This is the most common toad in Chile From skin 
bufothiomne, m p 252°, was isolated and charactenzed bj transfoimation 
into dehj drobufotenine h\ drochloride, mp 243° From the alcoholic 
extract subenc acid melting at 143° was isolated Further, bufotenme was 
chaiactenzed as its flaManate, mp 130-131°, and its red dipiciate, mp 
172-173°, which on boiling with benzene passes into the j^ellow mono- 
piciate, mp 179° Deh^ drobufotenine was isolated from the solution, 
after separation of the bufotenme, as the 3 ’^ellow picrate, m p 187° 

Bufo crucifer — This is a small toad from Brazil Onl 5 350 dried skms 
were available 

Bufothiomne was characterized bv its meltmg point (250°) and trans- 
formation into dehj drobufotenine hj drochlonde (m p 240-241°) Bufo- 
tenme (picrate mp 173° and flaxuanate mp 130-131°) and deh} dro- 
bufotenine (picrate mp 187°) were found among the ethanol-soluble 
substances 

Bufo spinulosus — This is a common species of toad m Peru Onl 3 ^ 
bufothionme (m p 249°) and deh 3 diobufotenme ( 3 ellow picrate mp 
187°) could be characterized As the amount of matenal axailable was 
small (forty-three dried skms), the possibilit 3 that bufotenme or bu- 
fotenidine was present is not excluded 
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Bvfo paracnemts — Tlus large toad from northern Argentina vras studied 
by Deulofeu and hlendive (3) who isolated bufotenine and adrenalin from 
the dned venom Working with the dned skin, ire have been able to 
charactenze bufothionme, m p 249®, ivhich with boiling 2 n hjdrochlonc 
acid yielded dehjdrobufotemne hjdrochlonde, mp 240-241“ Bufo- 
tenine was isolated as the red dipicrate, m p 174°, from which the base 
was regenerated and converted (by treatment with methyl iodide) into 
bufotenidine hydroiodide, mp 213-215° Delij'drobufotemne (j’elloii 
picrate m p 187°) w as also present, but adrenalin could not be charactenzed 
in the residual liquors 

Bu/o arenarum — ^This is the predominant species m the central part of 
Argentina In the dned venom bnfotenme and dehydrobufotenine uere 
found by Chen, Jensen, and Chen (7), adrenalin by Deulofeu (6), andbufo- 
thionine by Jensen (8) From the skms Wieland, Konz, and Mittasch (5) 
isolated bufothionme, bufotenine, and dehj'drobufotemne Wehaiecon 
firmed the presence of these bases m dned ^ enom and dned stons with the 
exception that adrenalin could not be obtained fiom the skins 

DISCUSSION' 

The data here presented supplement the a\ ailable information on another 
South Amencan toad, Bti/o mannus, m the secretion of which Abel and 
illacht (9) first charactenzed adrenalin Chen and Chen (10) later 
demonstiated dehydrobufotenme and Deulofeu and Mendive (3) bufo- 
tenine Xo bufothiomne has been reported m the secretion, but as the 
secretions of B mannus and B paracnemts bare practicalli the same 
chemical constituents, includmg the bufagms (3), we feel that bufothionme 
would be found if a search were made in the dned skins 

The venoms of those South Amencan toads are charactenzed b\ the 
presence in its basic fraction of dehj'drobufotemne, of its conjugated 
sulfunc acid denvative bufothionme, and of its reduction product bufo- 
tenine The mechanisms of the mtercom ereion of those three substances 
m the toad organism are unknown, but it is nutenorthj that bufotenine 
possesses a piessor actiruty which is lacking in dehydrobufotenme 
bufothiomne Bufotemdme, found in manj species of toads froin ot w 
regions, could not be detected in the toads which we examined ts a 
sence is especially certam in the cases of Bvfo paracnemts and B arenanun, 
of which we had large amounts at our disposal, and of B 
specimen of the dned venom of vzhich was examined solely for bu o cm 

SUMMAKT 

1 The basic constituents of the venom of the South 
Bufo chilensis, B crucifer, B sptntdosus, B paracnemts, and 
have been mvestigated 
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2 Bufothionme, bufotenine, and dehydrobufotenme are the most com- 
monl}' present substances of this type Adrenalin is always present m the 
dned venom Bufotenidine has not been found in the dned secretions 
nor m the dned skins 

We thank Di G Villela (Rio de Janeiio, Brazil), Dr A Taborda (Sao 
Paulo, Brazil), Di H Croxatto and Dr O Koref (Santiago, Chile), Dr V 
Carcano (Lima, Peru), and Dr J Vellard (Tucuman, Argentina) foi the 
kind collection and gift of part of the matenal investigated 
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At the present time a relatively large number of enz 3 Tnes are knoum 
which have the pioperty of bemg activated by sulfhydryl compounds or 
by cyanide ions A number of these enzymes have been inactivated by 
treatment with oxidizing agents, and then largely reactivated by the above 
activators The majonty of investigators have concluded from these and 
similar experiments that activators such as cysteine function as reducing 
agents In the cases of certain of these enzymes, such as urease (1, 2) 
and papain (3) a number of studies suggest that thiol groups, actual oi 
potential, may be necessary for the enzymic activity 

Bergmann (4) m considenng this theory of activation has pomted out 
that oxidation-reduction studies are comphcated by the piesence m most 
prepaiations of natural activators, such as glutathione, which may undergo 
the reactions attnbuted to the enzymes Irving, Fruton, and Bergmann 
(5) observed that the activation of papain and cathepsm b} HCN nas 
reversed when the latter reagent was removed by an evacuation procedure, 
and that, also, dialysis of these enzymes to remove natural activators 
results in a similar loss of activity Chiefly from these findings and from 
the observation (6) that papain becomes inactive when precipitated from 
cyamde solution with isopropjd alcohol, Bergmann concludes (4) that ac- 
tivators such as HjS, HCN, and cysteine function, not onlj as i educing 
agents, but as coenzymes, and that the activation of papain and cathepsm 
involves the formation of (dissociable) compounds between the activators 
and the enzymes 

Greenberg and Winnick (7) have suggested that atmospheiic oxygen 
may have an impoitant effect in activation studies by its tendency to 
inactivate (oxidize) such enzymes as papain under certain conditions 
The present authois have investigated the nature of the activ ation process 
of a papain-hke enzyme and the significance of atmosphenc oxy’gen by 
expenmen ts involving preliminary'- dialysis of the activated enzyme to 
remove completely activ'ators under both aerobic and stnclly anaerobic 
conditions Also the effect on enzymic actmty of the lemoval of H.S 
and HCN at i educed pressures m an atmosphere of nitrogen was deter- 

* Present address, Continental Foods, Inc , Hoboken, New Jersey 
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ACTIVATION OF ITCIN 


mined The enzyme emploj ed in the present study nas ciystalhne ficm 
The papainase character of this enzyme has been estabhshed by Walti (8) 

EXPERIMENTAL 

Enzyme Preparahon— The crystalline ficm nas kindly supplied Merck 
and Company, Inc Its activity, unchanged by recr^stalhzation, was 
of the order of 1 3 to 1 6 units pei mg of enzyme nitrogen in the presence 
of 0 005 M C3 steine at pH / 0, as measured by the casein non protein nitro- 
gen method of Northrop and Kumtz (9) This actmtj is intermediate 
between that of crystallme trypsm (9) and chymotrypsin (10) 

Method of Determining Ficin Activity— The activity of the ficm solution 
was determined by the Northrop and Kumtz method just cited, but with 
casein prepared by the method of Van Slyke and Baker (11) and adjusted 
in phosphate buffer to pH 7 0 This method of assay appears to gn e a tme 
measure of the initial stages of proteolysis m that only the formation of 
non-protein nitrogen is measured Duplicate analj^ses made on 3 ml 
portions of the tnchloroacetic acid filtrates, with tlie bone acid modification 
of the micro-Kjeldahl method, agieed to ii ithin I per cent Blank anaJjses 
were run to coirceot for tiaces of non-piotem nitrogen in the reagents and 
in the enzjme solutions (when c\ steine w'as present) From the nitrogen 
content ot the ficm solutions, and wnth the aid of a standard cun e based 
on actmtv measurements with a senes of dilutions of a ficm solution, the 
micio-Kjeldahl titrations could be expressed directly as ficm actiutj umts 
An unfaihng quahtatiie indication of protease activitj' was the change 
of the coloi of the substrate to a pronounced w'hite dunng digestions 
Apparatus for Anaerohxc Dialysis — The apparatus resembled a 12 mch 
Liebig condenser, except that the inner tube consisted of the upper and 
lower sections of a 50 ml buiette joined by an 8 inch section of cellophenc 

tubmgoflScm diameter Two inlet tubes sealed to the lower part of tfe 

outer jacket served for the intioduction of exj^gen-free, double distiiifd 
water and purified nitiogen The water and nitrogen escaped through a 
single outlet at the upper part of the outer jacket 
The inner tube was filled with the enzyme solution, which was kept w 
of oxygen by a stream of mtiogen gas supplied through a 3 mm glas' t” 

The latter extended to the bottom of the mner tube 

The double distilled w atei w hich circulated through the dialj mr oi 
jacket) was freed of an bi bubbling punfied nitrogen gas throng 
water before and dunng the dialjsis Approximately 12 
were passed through the dialj zei dunng the course of a ““["P ® ® 
ex-penment The nitrogen w as punfied by passage over led o c 
cooled by bubbhng thiough ledistilled water The entire is 
earned out at a temperature of approximately 10 



■mNNICK, CONE, AND GREENBERG 


467 


In order to assay the enzj me solution durmg the dialysis it n as necessary 
to add 1 ml portions to the casern substrate under anaerobic conditions 
This was accomphshed iiath the aid of a special test-tube nhich could be 
evacuated through a standard taper joint terminatmg in a stop-cock 
5 ml of the casern substrate were placed in this test-tube and the latter 
v as thoroughly evacuated The test-tube was then connected by a short 
piece of rubber tubmg to the stop-cock of the lov er burette section of the 
dialysis apparatus 

1 (±0 05) ml of enzyme solution nas drawn into the evacuated test- 
tube by proper mampulation of the two stop-cocks The test-tube vas 
immediately detached from the burette and mamtamed at 35 5® for 20 
minutes as required m the Northrop and Kunitz method 

Results 

The data m Table I shou that there was no great decrease m protease 
activity when the ficm solution, prenously activated bi neutral 0 03 m 
cj’steme, was thoroughly dialj zed agamst water in the complete absence of 
oxygen The negative nitropnisside test given by the enzyme solution 
(Test 5) at the end of the dialysis indicates that the removal of activator 
was complete Tests made bj the authors show that a positive, though 
very weak, mtroprusside test is still giv'en by cysteine at a concentration 
of 0 0001 M 

Test 6 refers to an expenment in which 0 1 ml of 0 00066 m KlMnOi 
was added to 1 ml of actn ator-free ficm (Test 5) pnoi to the addition of 
the latter to the casein substrate Since no activator was piesent, the 
action of the KlMnOi can only be viewed as an oxidation of the enzjme 
itself In Test 7, 1 ml of the precedmg enzyme solution previously in- 
activated by KMnOi w as treated with 0 1 ml of 0 33 vt cv steine (pH 7 0) 
The cysteme restored 80 per cent of the enzymic activitj 

The effect of aerobic dialj-sis on the activity of ficm, previously actn ated 
by cysteme, is shown m Table TI The enzjme lost about 96 per cent of 
its activity by the end of 23 houm, when the mtroprusside test w as com- 
pletely negativ e Probably some of the cj'steme w as oxidized bj oxj gen 
of the dissolved air durmg the dialysis In the assay of the enzvme, 2 ml 
samples of the ficm solution w ere first mixed with 1 ml of w ater in Tests 
1 to 4, or with 1 ml of 0 1 vi cysteme (pH 7 0), 0 2 si cvanide (pH 4 5), 
or 0 2 M H'lS (saturated at 0°) m Tests 5 to 9 1 ml samples of the resulting 

solutions were then assayed in each case Test 5 shows that the addition 
of cj'steine restored most of the activity to the aerobicalh^ dialj zed ficm 
Treatment with HCN (Test 6) and HjS (Test 8) also resulted m reactiv a- 
tion, although the activitj of the ficm was less than when cysteine was 
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Tabm I 

Dialysis of Ftctn m Absence of Oxygen 


About 50 ml of a solution at pH 5 1 containing 0 101 mg of ficin nitrogen per ml , 
and 0 03 M in cysteine^ i\ ere dialyzed under anaerobic conditions At the spcciSed 
time intervals, 1 ml portions of the enzyme solution were assayed 


Test No 

Time of 
dialysis 

1 

Ficin units 
per mg 
cntyinc 
nitrogen 

Remarks 

1 

firs 1 

0 1 

1 28 

Enzyme solution gives strongly positive aitro- 

2 


1 35 

prusside test 

Dialysate gives positive mtroprusside test 

3 


1 13 

<1 tt H II II 

4 


1 13 

“ “ very weak mtroprusside test 

5 

23 

1 03* 

Both dialysate and enzyme solution give negative 

6 

1 

0 06 

[ nitroprusside tests 

Test 6 treated with lOInO, 

7 

1 

I 

0 82 

“ 6 “ “ cjsteine 


* The reduction in scti vity at this point may he due, at least in part, to the Isct 
that papainase solutions slowly lose activity on standing (12) 


Table II 

Dialysis of Ftctn under Aerobic Conditions and Evacuation of Reactivated Solulios 
About 50 ml of solution at pH 6 0 containing 0 071 mg of ficin nitrogen per ml , 
and 0 03 M in cysteine, were dialyzed against redistilled water previously saturaieJ 
with air At specified time intervals, portions of the enzjnne solution were remoicd 
for assay 


Test No 

Tirne of 
dial) SIS 

Ficin units 
per mg 
enzyme 
nitrogen 

Remarks 

1 

hrs ' 

0 

1 

1 64 

Enzyme solution gi-'cs strongly positive nitropru' 

2 

! 

5 1 

! 

j 1 13 1 

Side test 

Dialysate gives positive mtroprusside test 

3 

10 , 

’ 0 33 

“ ver} ue/iX test 

4 

23 ' 

0 06 

Both dialysate and enzyme solution give negafu'^ 

5 

1 

1 1 

1 28 

mtroprusside tests 

Test 4 made 0 03 m in cysteine 

6 


0 71 

“4 “ 0 067 “ “ HCN (pH 4 5) 

7 

1 

0 65 

“ 6 after evacuation in nitrogen atmosphere 

S 


0 36 

** 4 made 0 067 M in HiS 

9 

1 1 

0 40 

“ 8 after evacuation in nitrogen atmosphere ^ 


emplojed This latter finding is in agreement with the authors 
hshed) ohseiyations ivith papain and wuth the findings of nmg, 


and Bergmann (5) with papam 
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Tests 7 and 9 were designed to test the effect on ficin of the removal of 
volatile activators The apparatus descnbed in Fig 1 of the paper by 
Irvmg, Fruton, and Bergmann was employed m these experiments to con- 
centrate 1 ml portions of the activated enzyme at 35° in a stream of punfied 
mtrogen at reduced pressure The apparatus was modified by the use 
of the lower portion of a burette with a 3-way stop-cock mstead of the 
inlet tube, B, in Fig 1 of the above paper The burette contamed 5 ml 
of casern substrate and 0 9 ml of water Punfied nitrogen had been 
previously bubbled through the 5 9 ml of solution to remove air Follov - 
mg the concentration of the enzyme solution to a volume of 0 1 to 0 2 ml 
in about an hour, the casein solution was anaerobically drawn mto the 
evacuation vessel (mamtamed at 35 5°) After 20 mmutes the latter 
vessel was opened, and 5 ml of 10 per cent tnchloroacetic acid added, as 
reqmred m the Northrop and Kumtz method The results m Table II 
(Tests 7 and 9) show that the lemoval of activators caused no significant 
changes m enzymic activity 

The lack of activity of the papam foUowmg the removal of HCN or H»S 
by evacuation m the experiments of Irvmg, Fruton, and Bergmann maj be 
due to the fact that these investigators apparently did not exclude air from 
their substrate and did not add their oxygen-free enzyme solution to the 
substrate under anaerobic conditions 

The fact that ficm retams its activity when completely freed of activators 
by either dialysis or evacuation under anaerobic conditions argues against 
the coenzyme theory of papamase activation proposed b}’' Bergmann 
On the other hand, the macfivation of ficm by oxygen or bj' permanganate 
(in the absence of activators) and the reactivation by HCN and sulfhj dryl 
compounds are m agreement with the view that papamases aie active in a 
reduced form and mactive when oxidized 

Bergmann (4), in observing that papam was mactive tonard HCN m the 
absence of traces of sulfhydryl compounds, has postulated the existence of 
tiio inactive forms of papam, designated a-trypsinase and /3-trj psinase 
The a. form could be converted by sulfhydrjd compounds mto the /3 form, 
and the latter ii as then capable of activation by combination with HCN or 
sulfhydryl compounds 

Test 6 in Table II mdicates that ficm, dialyzed free of added cysteme, is 
activated by cyamde alone Also unpublished expenments bj the present 
authors mdicate that both ficm and papam, dialyzed free of traces of 
natural activators under aerobic conditions, can be reactivated bj HCN, 
and that added traces of cj'steme (0 0006 m concentration) do not cause a 
significant further increase in proteol 3 rtic activity These findings are 
not m accord mth the theori that papamases can exist m two different 
inactive forms 
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In examining the oxidation-reduction theory of papamase behavior, it 
appeared to us of interest to detennme the potential of a mixture of tqual 
parts of active and inactive ficm solution, and to compare this value mth 
the correspondmg potential of the cysteine-cystme couple 5 ml of the 
dialyzed, active ficm solution described in Table I were mixed mth a 
second 5 ml portion of this same solution which had been prenouslj 
inactivated by bubbling air through it for an hour, foUoived by nitrogen 
gas to remove the an The potential of the mixed solutions (pH 7 3) nas 
-f-0 17 volt ivith lespect to the normal calomel electrode Next, a solti 
tion 0 01 XI m both cysteme and cj'stine was piepared The potential of 
this solution was —0 38 volt with respect to the normal calomel electrode 
The fact that these two potentials diffei by about half a volt supports the 
view that cysteine readily reduces the oxidized form of ficm The value of 
the oxidation potential of oxygen supports the x lew that reduced ficm fends 
to be readily oxidized by oxygen gas 


summahv 

A solution of ciystalline ficm has been shown to retam its activit> when 
freed completely of cysteme by anaerobic dial 3 'sis, or when freed of H-S 
or HCN by evacuation in an atmosphere of nitrogen Aerobic dmlj'SiS o( 
the activated enzyme resulted in mrtuall.v a complete loss of aclivitj, 
which, howevei, was largely restored when activators were again added 
The results aie in agi cement wnth the view that ficm is active in a reduced 
form and inactive when oxidized by oxjgen oi other oxidants The ap- 
parent coenzymic function of cyanide and sulfhydryl compounds actual!} 
consists in the protection of the enzyme against inactivation by oxidatiou 
or by combination mth heavy metals 
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The relatively high concentration of alkaline phosphatase in the kidnej 
suggests for this enzyme an important physiological role, the elucidation of 
Mhich has been attempted b}’^ both chemical and histochemical methods 
The latter methods are aimed at defimtel}" establishing the loci of the en- 
zyme activity in the kidney tissue The basis of the currently used tech- 
mque for histochemical demonstration is the formation of silvei phosphate 
at the site of the alkaline phosphatase m the tissues This techmque in- 
volves successively hydrolysis of the glycerophosphate substrate, piecipita- 
tion of the freed phosphate tn silu as a calcium phosphate, com ersion of 
the calcium salt bj^ sili er mtrate into silver phosphate inth its subsequent 
blackenmg fay sunhght By means of this method or its modification, 
Gomon (1), Takamatsu (2), Hepleretol (3), and Rabat and Fuith (4) have 
shorni this enzyme in large amounts about the brush bordei and mthin 
the lumen of the provimal convoluted tubule The presence in the kidney 
tissue of morgamc phosphates, as well as those of the nucleoprotein and the 
phosphohpids, detracts someiihat from the specificity of this techmque 
However, much of the morgamc phosphate and chlonde as uell mav be 
removed from tissue sections by washing in distilled watei before the test 
is performed The question may be raised, howevei, as to whether the 
test medium is sufficiently alkahne to render soluble any sih ei chlonde 
formed 

A new approach to the histochemical problem is the foimation of an in 
soluble dye by utihzation of the orgamc mstead of the phosphate moiety 
of a phosphate ester, other than glycerophosphate, follow mg splitting by' 
the phosphatase The essentials of this procedure are the hydroly sis of a 
monoaryl, instead of an alkyl orgamc phosphate, and immediately followmg 
the release of the aiyl molecule its direct couphng with a diazotized amine 
to precipitate an insoluble dye at the site of the enzyme actu ity 

The formation of such an insoluble dye with the released /S-naphthol of 
calcium d-uaphthol phosphate is descnbed in the following pages The 
occurrence of the bulk of this dye m the proximal convoluted tubules of 
the kidney agrees generally with the renal distnbution of alkaline phos- 
phatase reported with other techmques 
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TEST FOR KIDRET PHOSPHATASE 


Preliminary Procedures 

The chemical details of the dye test iiere dei eloped by one of us (M H 
G ) The procedure required the selection of a suitable phosphate ester, 
as 11 ell as an acceptable diazotized amine, in order that the resultant azo 
dje compound nould be rapidly formed, insoluble, and of a deep caalj 
recogmzed color A suitable amine iias leadilj available but, before a 
satisfactory enzyme substrate ii as obtained, sei eral phosphate esters, men 
tioned beloii , u ere tested Phenj 1 phosphates ivere first tried Commer 
cial disodium monophenjl phosphate iias leadily available for prelumnar} 
testing, but proied unsatisfactorj because, although a dje nas formed in 
the test-tube bj reaction of the phosphatase-liberated phenol mth anj of 
the folloivmg diazotized amines, namely p-mtroanihne, toluidine, or 
a-naphthylamine, the dye formed in kidney sections mas not sufficient!} 
insoluble and v as not retained in situ in the tissues Then} 1 phosphate^ 
mere accordingly ehramated 

Members of the naphthol phosphate senes mere next tned Tnal coup- 
ling reactions performed muth /3-naphthol and each of the following diazo- 
tized ammes, namely p-nitroanilme, p anunoacetophenone, and a naph 
thylamine, jielded insoluble djes of different colors and lamng low 
solubility a-Naphthylamine mas selected because of the deep red to 
purple color and extreme insolubiht}' of the coupled product $ Naphthol 
phosphate mas not available commerciallj and it or its salt had to be pre- 
pared Barium jS-naphthoI phosphate, the first compound prepared, was 
insoluble in mater An attempt mas next made to prepare ^naphthol 
phosphoric acid ester from the banum salt The two samples of the and 
ester m'hich mere prepared were small m amount and contained traces o! 
banum m'hich apparentlj^ slom ed the hydrolytic activity of the phosphatase 
in tissue sections Although paraffin sections of kidnej , treated at a 
smtable pH mth the acid ester prepared b}' sulfunc acid, showed the pre- 
cipitated purple dye to be located at the expected site m the 
the test was almost negative at the end of 2 hours and a period o ® 
hours was needed for the dye to acquiie its maximum intensit} ™ 
this time secondary black dust-hke deposits formed over the section 
cium fi-napbthol phosphate was the ester mhich finally gave sa 'ae 
dy e precipitates, ranging m color from a red to a deep red purp e 

Methods 

Preparation of Reagents ^ 

Preparation of Monoaryl Phosphate Ester ^ of 

phate — Banum jS-napbthol phosphate mas prepared y ^ ® , jj^spbonc 
lOng and Nicholson’s method (5) for the preparation of pae ) F 
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acid esters To 10 ml of phosphorus oxychloride, a solution of 15 8 gm 
of /S-naphthol in 50 ml of dr 3 '- p 3 Tidme was added mth stirring The reac- 
tion ivas allowed to pioceed lor 20 minutes and the resulting /5-naphthol 
phosphor 3 d chloride was decomposed with 5 ml of water A saturated 
aqueous solution of barium h 3 'dro\ide was added until the mixture turned 
pink to phenolphthalein The barium /S-naphthol phosphate precipitated 
almost completely and, aftei the mixtuie was chilled m the refngerator, 
it was filtered with suction, washed with 50 per cent and then with absolute 
alcohol, and an -dried An attempt to convert the insoluble barium com- 
pound into the disodium /3-naphthol phosphate failed because of the insolu- 
bility of the former 

Pieparalion of ^-Naphtlwlphosphonc Aad Ester — The barium /S-naphthol 
phosphate w^as suspended in an equn alent amount of 4 n h 3 'drochloric acid 
and the acid solution extracted with ether A small amount of acid ester 
crystalhzed out of the ether, but the ester was so difficultly soluble in ether 
that the yield was poor An unsuccessful attempt was then made to 
obtam the acid ester m greater 3 ield by takmg up the barium salt in dilute 
sulfuric acid, thereby piecipitatingbanum sulfate and removing the precipi- 
tate by centrifugation This acid ester was also contaimnated with traces 
of banum and furthermore much of the ester was h 3 'drolyzed in prepara- 
tion 

Preparalton of Calcium ff-Naphthol Phosphate — ^Preparation of this ester 
was exactly hke that descnbed above for banum jS-naphthol phosphate up 
to decomposition of the phosphoryl chlonde At this point saturated 
aqueous calcium hydroxide was added until the reaction imxture became 
pink to phenolphthalein (approximately 18 gm m amount) The pre- 
cipitate was filtered after being chilled and w^ashed with 50 per cent al- 
cohol, then with absolute alcohol, and air-dned The calcium salt of this 
ester was more soluble than the banum salt and gave a large yield An 
additional crop of calcium naphthol phosphate w as obtained by addmg al- 
cohol to the combined filtrate and w'ashmgs The calcium /3-naphthol 
phosphate was readily^ hydroly'zed in the test-tube by the phosphatase 
contained in a thin slice of fresh kidneys A strong coupling reaction ob- 
tained ivith diazotized naphthylamme yielded a red-purple dy^e in tnal 
tests m vitro within as short a time as 10 nunutes "With the application 
of this chemical procedure to mounted sections of alcohol-fixed kidney the 
dy e w as visible to the naked ey^e m a section 6 /i in thickness in a few 
minutes 


Diazohzahon of a-Naphthylamine 

A slight excess, namely 2 5 instead of 2 eqmvalents, of 2 x hydrochloric 
acid w as added to 0 2 gm (0 0014 mole) of a-naphthylamine suspended in 
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a little water The use of freshly sublimed a-naphthylamme is adn'ed 
in order to eliminate any degradation products of oxidation Saunders 
((6) p 4) recommends the use of excess acid in order to insure complete 
diazotization The mixture w'as shaken until the base was complete!} dts 
solved and the solution diluted to 50 ml The solution was chilled to 10- 
12 , and to each 50 ml of amine 5 ml (1 equivalent) of a freshly prepared 
solution of sodium mtnte (0 9884 gm dissolved in 50 ml of water) were 
added The diazotization solution was tested ivith starch iodide indicator 
and "balanced” by adding more mtnte or more naphthylamine h}dro- 
chlonde as required until the end-point was reached (Saunders (6) p 5) 
Diazotization w'as complete after the mixture had reacted for 15 minutes 
at 10° The diazotized solution should be used immediately foltowng 
completion of diazotization 

Preparahon of Tissue 

Young adult white lats of the Wistar strain and white mice, both mfh 
fasting for 24 hours and ivithout, were killed by a blow' on the head and 
the kidneys immediately removed and fixed About 60 rats were used 
Necropsy tissues from a few human kidneys were also studied Slices o( 
kidney 3 to 4 mm m thickness were fixed m 95 per cent alcohol or m cold 
acetone Alcohol-fixed tissues were run through two changes of absolute 
alcohol to xj'lol Acetone-fixed tissues w ere run through three changes of 
special pure acetone for 48 hours m the refngerator and follow ed by benzene 
for 45 minutes Both sets of tissues were then treated with two changes of 
paraffin, each of 2 hours duration in the thermostat, and embedded Pamf 
fin sections 6 a ni thickness, mounted on slides, were run through the xylol 
and alcohols to water just previous to immersion m the "dye" solution 
Acetone fixation appeared to afford somewhat greater retention of phos 
phatase in the tissue, but xvas accompanied by a considerable amount o 
shrinking and distortion of the tissues owing to rapid dehydration 

Technique of Phosphatase Test 

20 cc each of a substrate suspension of calcium ^-naphthol phosphate 
(roughly 0 3 gm of dried ester m 250 cc of distiUed water) and 
a-naphthylanune were mixed and the reaction immediately adjust } 
Beckman pH meter to the required pH by the addition ® ^ ^ ^ , 
Tests xvere alw'ays made at the optimal reaction of pH 9 ^ 
at pH 9 0, 8 0, and 7 4 as well Following adjustment of pH, 
buffer solution of the HCl-veronal buffer mixture of MichaeUs (O 
added to obtain the desired pH Upon the addition of t e a a i 
precipitate formed which was removed by rapid filtration t roug 
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nei funnel and quickly cooled to approximatelj’^ 10° The mounted tissue 
sections i\ere immediately placed in a staimng dish filled unth this filtiate 
and slides were removed after incubation of 15 and 30 minutes and 1 and 2 
hours in a refrigerator at 6°, washed in uater, counterstained vnth light 
green if desired, and mounted in 50 per cent glycerol The positive phos- 
phatase reaction vas manifested by the formation of a deep red to purple 
dj'e 

The intensity and speed of the reaction beai a direct relationship to the 
H ion concentration and to the temperature at v hich the enzymic hj drolysis 
is carried out The optimal H ion concentration is at pH 9 0 to 9 4, vhere 
a maximum precipitate is foimed Definite though veaker reactions 
requinng a longei time to give a maximum piecipitate occui at pH 8 0 and 
e\ en at pH 7 4 wth the kidney sections of most animals The couphng 
of diazo compounds with the /3-naphthol to form an insoluble azo dye occurs 
only in alkaline solution and this fact may be in part i esponsible for the less 
intense reactions observed at pH 7 4 Under the conditions of the expen- 
ment a slight fall in pH may occur duimg the course of the test In the 
optimal 18 minutes incubation period this change in pH vas not enough to 
affect the results noticeably and at the end of this period the concentration 
of active diazo compounds m the substrate nuxture was still sufficient to 
give a heavy dark red precipitate with /?-naphthol 

The “dje-couphng” test is characterized bj an extreme lapidity of re- 
action A strong deposition of the dye could be observed as early as 5 
mmutes after exposure of the phosphatase-containing tissues to the sub- 
strate preparations at the optimum pH In 15 minutes at ice box tempera- 
tuie (4-6°) a very intense reaction could be obtained Further incubation 
only moderately increased the precipitate Tests pei formed at 37° show ed 
a correspondingly enhanced reaction, but incubation at 4-6° was preferable 
in order to retard possible disintegration of the diazotized amine compound 
and formation of secondaiy products which are accelerated at highei tem- 
peratures upon prolonged incubation 

The dye which is precipitated in the tissues is not the actual phosphatase 
but a compound formed with the naphthol freed b\ the hj droh tic action 
of the enzyme The dye reaction is complex and in addition to the specific 
red-purple precipitate, resulting from enzymic action in the tissue, 
secondary products may be formed during the diazotization w hich behai e 
as simple diffusible stams These stains diffuse through the tissue, ginng 
a generalized yellowish background tissue coloi This diffuse coloi does 
not alter the location or ^^slblllty of the phosphatase precipitate To 
minimize or prev ent such ancillaiy^ reactions, a high pH (9 0 to 9 3) should 
be established and the performance of the test not undulj piolonged 
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Control Procedures 

Certain prelimmary control measures nere obsened in can^mg out the 
test Control tests performed upon the 0-naphthol ester solution showed 
it to contain no free naphthol as determined bj the color test for phenolic 
compounds iiuth the Folm-Ciocalteu reagent A further test earned out 
bi' exposure of this ester solution to serum knoim to contain phosphatase 
resulted in the freemg of sufficient /3-naphthol bj h} droh-sis of the phos 
phate ester to produce ivitli the Fohn-Ciocalteu reagent the appearance of a 
deep blue color avlnch Tras absent m pbospbatase-free serum controls It 
was demonstrated, therefore, that the ester preparation emploied con 
tamed no free /3-naphthol but could be hydrol} zed by substances contammg 
phosphatase wuth the resultant hberation of j8-naphthol 

A second senes of control tests, performed upon the diazotized a naph 
thjdanune solutions used, showed that the addition of the /3-naphthol ester 
to properly buffered solutions produced no red dj e precipitates in the ab- 
sence of enzynuc substances If, howexer, a small quantita of ^ naphthol 
w as added to the alkabne diazo solution, an immediate red di e precipitate 
was formed 

Control lustochemical tests in which prepared tissue sections wereincu 
bated with alkahne buffered diazo compounds, in the manner of the regular 
procedure but with the oimssion of /3-naphthol phosphate substrate, er 
hibited no red d} e precipitate 

Control reactions gave considerable ea idence of the inhibiting effect of 
heat Immersion of rat tissue sections, immediatelj before testing for 
phosphatase, maw ater bath at a temperature of between 75-S0° for 10 
minutes resulted m complete inactii ation of the phosphatase, as shown bi 
absence of any color reaction 

In view of the general instability of all diazo compounds it is necessaq 
to carry out the diazotization of the a-naphthj lamme immediateh pnor to 
use in the test and to allow as little time as possible to elapse between com 
pletion of diazotization, nuxing the ester substrate, pH adjustment an 
addition of buffer, and the immersion of the tissues for testing 
under apparently optimal conditions with a short incubation peno ( n o 
18 minutes) at 4-6°, y ellow-brown disintegration products may “ J 
solution It 13 possible that the test may be further refined bi pjW u 
aimed at stabihzing the diazo compound In its present * ccahon 
intncate and probably is not adapted to routine use without m 

Results 

The histocliemical dy e techmque for alkahne phosphatase 
tensively used on tissue from mouse, rat, and huinan fa ^ed wth 

briefly' stated here that our results in general confirm o- 
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the Gomon and Takamatsu techmques The phosphatase occurred maudy 
in the cortex, where it was observed in definite locations The medulla 
w'as for the most part free of the enzyme Species vanations and mmor 
differences due to physiologic conditions or pathologic changes will be 
pubhshed elsewhere Our results premise that the pnnciple of azo d 3 e 
formation by means of couphng with products mediated by tissue phos- 
phatase maj' be apphcable to the histochermcal demonstrations of other 
enzymes in tissues 


SUMMARY 

1 A histochemical test for alkaline phosphatase based on the precipita- 
tion of an insoluble azo dsm formed by coupling of /S-naphthol, denved from 
hydrolysis of calcium /3-naphthol, and diazotized a-naphthylamme has 
been descnbed 

2 With the dj e test, the location of the phosphatase in the kidney agrees 
substantially ivith that obtamed by the silv er technique of other investi- 
gators 

Thanks are due to Dr L H Cretcher of the INIellon Institute for helpful 
discussion on dye chemisti^’^ and to Judjm West Flahault for technical 
assistance 
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THE COLORIMETRIC ESTIMATION OF PROTEIN-BOUND 
SERUM IODINE* 
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P M RODRIGUEZ 

(From the Department of Pediatrics, Harvard Medical School, and the Children's Medical 
Service, Massachusetts General Hospital, Boston) 

(Received for publication, February 14, 1944) 

The following procedure is an adaptation of the precipitation and diges- 
tion procedures descnbed b3 Man, SnumoM, Gildea, and Peters (1) and 
Riggs and Man (2) to distillation in the Chaney apparatus (3) as modified 
b\ Riggs' and apphcation of photoelectnomicro colonmeto' to the quanti- 
tative assay of lodate mstead of the usual starch-iodine titration This 
procedure permits satisfactor}’’ analj'ses to be made on 4 cc of serum 
Reagents — ^The reagents for precipitatmg the serum proteins vere pre- 
pared according to the directions of Man, Smimoii, Glides, and Peters 
(1) All other reagents is ere prepared according to the directions of Riggs 
and Man (2) as outlined by Salter (4) 

“Water pump” dry nitrogen (Air-Reduction Sales Company) 

The solutions of arrouTOot starch and of sodium bisulfite (NaHSOj, 
Merck, c p ) were prepared freshly at monthly mtervals 
Special Apparatus — ^Riggs’* modification of the distillation apparatus 
onginally descnbed by Chaney (3) fsee Fig 1) The distillation flask of 
this apparatus is used for the digestion of the sulfunc acid solution of the 
serum proteins The central section of the apparatus {i e that portion 
Ij ing between Jomts A and B) should be washed inth chromic acid cleamng 
solution followed by several rmsmgs of distilled water between runs No 
stop-cock grease is used on the glass jomts, but a trace may be used on the 
stop-cock attached to the “trap” and on the stop-cock of the droppmg 
funnel Care should be taken to prevent anj contamination of the distilla- 
tion mixture ivith the lubncant 

Evelyn photoelectnc micro colorimeter, equipped with 2 cc cells and a 
filter having maximum light transmission at G20 ra/i (range 525 to 660 mp) 
All apparatus used must be scrupulouslj' clean 

Procedure 

Collection of Blood — ^An appropnate quantitj (usuallj 8 to 10 cc ) of 
\ enous blood is drawn, care being taken to ai oid areas on the skm which 
mai have been contaminated with iodine 

* This irori. was supported bj a grant from the ConunonvreaUh Fund of New York 
1 Riggs, D S , personal communication 
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Separation of Proiein-Bound Serum Iodine— This is earned out essentialH 
accoi ding to the directions of Man et al (1) Bne%, 2 to 4 cc of serum are 
precipitated bj the addition of 32 cc of a solution of zanc sulfate in sulfunc 
acid folloued b 3 " 4 cc of sodium hydro\ide solution The protein precip- 
itate which forms is collected upon a 9 cm sintered glass filter of coar'c 
grade It is repeatedly washed on the filter wuth 20 to 30 cc portions of 
distilled w ater until the filtrate gi\ es no precipitate (AgCl) with acidified 

0 1 N sih er mtrate solution 

The washed precipitate, which is considered to be free from inorganic 
iodine, is transfen ed quantitativelj-- to the digestion distillation flask mth 
the aid of 80 cc of 18 ^ sulfunc acid, in which the precipitate is soluble 

Digestion — ^Two small pieces of copper metal, approximatelj 10 mg of 
cenc sulfate, and 5 gm of potassium permanganate are added to the IS \ 
sulfunc acid solution of the protein An approximately 10 to 12 inch 
themiometei (0-200° calibration) is placed in the side neck of the digestion 
flask Two glass beads are added as antibumps The fla‘:k is placed 
under a hood and heated wuth a Bunsen burner To avoid foaming, heating 
should be slow' at first, later the flame is inci eased and the digest'on a 
continued until the temperatuie reaches 195-200° The flame is then a\ 
tinguished AVTien the digestion mixtuie has cooled to 100“, about 22 cc 
of distilled w ater are added,- some being used to nnse down the necks of the 
flask and the thermometer w hich is removed at this time After the water 
has been added, the flask must be agitated gently for a moment to mu: 
the contents 

Dishllahon of Iodine — ^The chemicallv clean distillation apparatus is 
prepared for use bj' introducing 1 cc of 0 1 m sodium bisulfite solution and 

1 cc of 1 M potassium carbonate solution into the trap (see Fig 1) vith the 
aid of pipettes introduced through the upper opening (Joint A) of this 
section of the apparatus The condenser is then attached as shoini m the 

After a 5 inch thermometer (100-200° calibiation) has been placed in'ide 
the digestion flask, it is attached to the lower end of the distil ation 
apparatus (Joint B) Thus the digestion flask becomes a 
A dropping funnel containing saturated oxalic acid solution (± I 
placed m the side neck of the distillation flask as shown in Fig 
mixture in the flask is heated wuth a Bunsen burner to a tempera 
138-143° Dunng the heating penod, the apparatus is occasiona \ i 
slightly to im\ the contents of the distillation flask ’ While t e e pe 

> The volume of water added is of importance with relation to 
smtable distillation temperature (see the next section) If too «« e 
it IB diEScult to prevent overheating and vtcc versa -nntents of 

’ In tilting the apparatus, one must take care not to cause t e 
to spill or be sucked back into the distillation flask 
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ture IS maintained ivithin these lumts, the oxahc acid solution is added 
drop by drop to the distillation flask After the mixture m the distillation 



Fig 1 Riggs distillation apparatus The 2-necked flask (1) is used both for di- 
gestion and for the distillation of iodine During the distillation procedure, the 
digested solution in flask. (1) is heated Steam is generated ivhich passes up column 
(2), past the glass baffle plate, to the nght, and downwards through the trap (S) 
The steam then courses to the left and upwards to chamber W) From there it passes 
by the second baffle plate and into the condenser (S) The nater of condensation 
drips doi\u and is returned b\ tube (6) to column (2), whence it drops back into the 
distillation flask (I) Thus the apparatus permits reflux distillation of the iodine 
into the trap (S) The dropping funnel inserted into the side neck of flask (1) is used 
for introducing the oxalic acid The total length of the apparatus is 85 cm It was 
made by the Macalaster-Bieknell Companj, Nexr Haven, Connecticut 

flask becomes colorless, 30 drops more are added and the distillation is 
contmued thereafter for 5 minutes Bj that time, the iodine xvill haxe 
been completely distilled to the solution m the trap, where it is reduced 
to potassium iodide 
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When the distillation is completed, the flame is extinguished and the 
contents of the trap are dramed through the adjacent stop-cock into a small 
Erlenmeyer flask To insure quantitative drainage, the trap is nnsed three 
times with 1 cc portions of distilled water added through the opemng of 
Joint A The combined distillate and water rinsings collected m the Erlen 
meyer flask are slowly evaporated to a volume of approximately 1 to 2 cc 
upon an electnc hot-plate The contents of the flask are then transferred 
quantitatively with mmimum distilled water rinsings to a 10 cc round 
bottom Pyrex test-tube approximately 115 mm long and 12 mm in internal 
diameter, with a slight constnction about 1 cm from the top and graduated 
at 1 0 cc ■' 

Groai Reaction — The purpose of this leaction is to oxidize the iodide in 
solution m the test-tube to lodate for colonmetnc assay The test-tube is 
placed in the w’ater bath, the temperature of which is maintained between 
70-80° After 2 minutes, the tube is removed for the addition, inth shaking, 
of 6 drops (0 5 cc of 1 N potassium permanganate solution Core should 
he taken so to deliver this solution that little or none falls on the wall of the tube 
above the constndipn The tube is replaced in the water bath and at the 
end of 4 mmutes is withdrawn for the addition, with shaking, of 10 drops 
(0 6 cc ) of 8 N sulfunc acid solution The acid solution should be dehveied 
near the mouth of the tube so that it tends to wash doini the walls of the 
tube After the tube has been heated in the w'ater bath for another penod 
of 4 minutes, it is withdrawn and 0 75 n sodium mtnte is added drop bj 
drop with shaking until the solution becomes crystal-clear and colorless 
The tube should then be tilted and rotated so that the walls of the tube are 
thoroughly washed with the contents Immediately thereafter, 2 drops ot 
5 M urea solution are added The tube is again shaken briefly and then 
tilted and rotated so that the contents wash the walls of the tube up to the bp 
The addition of mtnte solution and urea should not consume more than U 
minutes ® 

The tube is then replaced in the water bath (70-80°) m order to evaporate 
the solution down to a volume of 1 0 cc A stream of clean dry nitrogen 
instead of contaminated laboratory air is blown oi er the solution in the 
tube to hasten the evaporation The tube should be shaken occasions i 
to prevent the losses of lodate which occur if the solutes dry out on the inner tra s 
of the tube 

• Although the constriction is not essential, it helps prevent spilling dunng ( 


Groik reaction r-i j Mivered 

‘ The values m parentheses give the volume equivalent of the 
‘There are potential but easily avoidable difficulties inherent in the 
tion Both permanganate and mtrous acid (formed from sodium ni ” , 

intense blue color with starch in the presence of iodide ence i is 
eliminate completely the permanganate wuth nitrous acid and ‘>1® “T 
urea by careful mixing of solutions and washing of the ua so e 
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Cdlonmclnc A ssay — Under the conditions used here lodate m the presence 
of iodide, sulfuric acid, and starch leacfs to give a blue color, the intensitj’^ 
of which IS directly proportional to the amount of lodate The tube con- 
taimng exactly 1 cc of solution is thoroughly chilled in a beaker of ice 
u ater (0-5°) 0 1 cc of a 1 per cent starch solution is added and the tube is 

shaken briefly to mix 0 06 cc of a 0 2 per cent potassium iodide solution 
IS then added The tube is shaken briefly and returned to the ice water 
bath pending colonmetnc assay A blank is prepared simultaneously as 
follous ToOScc of 8 N sulfunc acid solution in another 10 cc test-tube, 
distilled water is added to make the volume up to 1 0 cc The mixture is 
chilled and 0 1 cc of starch solution and 0 06 cc of iodide solution are 
added as descnbed above 

The color formed is stable at ice w ater temperature for at least 10 nunutes, 
but may fade if allou ed to stand for longer penods of time Approximately 
half a mmute pnor to coloiimetnc assay, the tube contaimng the solution 
to be read is transferred to a beaker containmgiv ater at 15° 1 0 cc of the 

solution are then pipetted into a 2 cc micro colorimeter cell ^ With a 
filter having maximum transmission at 620 m/i (range 525 to 660 my) the 
absorption cell contaimng the blank solution is set m place m the micro 
colorimeter and the galvanometer is adjusted to 100 This cell is then 
replaced by that containing the unknown sample, and the galvanometer 
readmg is recorded The quantity of lodate present is calculated from this 
galvanometer readmg by refernng to a cahbration curve m vhich galva- 
nometer readings are plotted agamst known amounts of lodme as potassium 
lodate (0 1 to 0 6 y) treated accordmg to the directions outhned above for 
the blank Or, when the galvanometei reading of the blank is set at 100,* 
the micrograms of iodine in the sample analyzed may be calculated from 
the equation (7 = l/K (2 — log (?), when Ais the constantofproportionahty 
determined from solutions contaimng knowm amounts of iodine (see Table 
I) and G is the galvanometer reading of the unknowm 

EXPERIMENTAL 

E\tinction-wave length curves of the blue-colored compound formed bj 
potassium lodate and starch m the presence of potassium iodide and sulfunc 
acid were obtained with the aid of hght filters These showed that the 
maximum hght extinction of the colored solution was at approximately 
620 my Essentially identical cun^es were obtained with lodate prepared 
from serum protems by the anatytical procedure outhned abov'e 

’ An Evelyn micro colorimeter with an open type absorption cell and a Rubicon 
Filter 620 is used in this laboratory 

• When the galvanometer has been adjusted to 100 w ith a cell containing 1 0 cc of 
w ater in place, the blank descnbed above should give a gah anometer reading beta een 
98 and 100 
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The data obtained from sample expenments m estabhshmg our constant 
of proportionahtj (K m the equation aho\ e) are presented m Table I 
The}’ indicate that pure iodine, as potassium lodate, in amounts ranging 
from 0 132 to 0 529 7 per sample analj zed may be determined mth an error 
of approximately 5 per cent The suggested hnear proportionaliti between 
the color de^ eloped and the lodate concentration has been ampl} confirmed 
by other sumlar analj ses 

To determme the recovery of iodine at \ arious steps in the anah tical 
procedure, knomi amounts of potassium lodate m distilled vater i\ere sub 
jected to (a) the Groak procedure, and (5) the digestion, distillation, and 
Grodk procedures The iodine recoi ered as lodate was determined col 
onmetricallj' 


Table I 

Three Expenments Taken from Series Eslabhshtng Proporttonaltly Constant (fC) 
between Concentration (C) of Iodine and Galvanometer Reading (G) 
in Equation C = i/K (3 — Log G) 

In these expenments the galv anometer n as adjusted to 100 with the blank m place 


lodme as 
lodate 

GaU*anometer reading 

K 






j EtpenmtatJ 

r 

0 132 

so 5 


80 0 

0 713 

0 693 


0 265 

65 0 


63 5 


0 706 


0 397 

52 5 

52 0 

52 0 

0 705 

0 715 


0 629 

41 5 

41 0 

41 0 

0 722 

0 731 


Average 




0 712 

0 712 

0 731 


Table II indicates that the average recovery in the Grodk procedure 
alone is 99 per cent (range 91 to 107 per cent) and m the complete procedure 
98 per cent (range 91 to 103 per cent) Blanks containing no added iodine 
gave satisfactorilj Ion tallies , 

Table III gives data concerning the recover} of lodate added to an aci 
solution of washed serum protem In these expenments 8 cc of serum n ere 
precipitated according to the analjdical procedure After the ^ 

had been t\ ashed ivith distilled water, it was dissolved in ICO cc 0 
sulfunc acid This solution was dinded mto two 80 cc portion 00 
portion nothing w as added, to the other 0 529 7 of iodine was ad e 
portions were then assaj’ed for their iodine content according to e 
Ij-tical procedure The results obtained show that the ai 
added iodine was 94 per cent of the theoretical (range 87 to lUd ^ 

Table TV reports duplicate determinations of the concenfra 
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tem-bound serum iodine on ten essentially noimal indmduals 2 cc of 
serum Beie used for one of the duplicates, 4 cc for the other It is seen 

Table II 


Uccoicry of Iodine Added to Water before Grodk Procedure and before Combined 
Digcelion, Distillation, and Grodk Procedures 



Experiment 

No 

Theoretical 

(1) 

Determined 
i (« 


! 

Average 



y 

y 



Grodk procedure alone 


0 

0 01 





0 132 

0 143 

1 07 




0 132 

0 120 

0 91 




0 132 

0 126 

0 96 



5 

0 264 

0 264 

1 00 



6 1 

0 520 

0 515 

0 98 



7 ; 

0 529 

0 529 

1 00 

0 99 

Combined digoslion, distilla 

8 

0 

0 005 



tion, and Grodk procedures 

9 

0 

0 000 




10 

0 132 

0 120 

0 91 



11 

0 132 

0 136 

1 03 



12 

0 264 

0 254 

0 96 




0 529 

0 529 , 

1 00 



14 

0 529 

0 515 

0 98 

0 98 


Table III 

Recovery of Iodine Added to Acid Solutions of Scrum Protein 


Experiment 

\o 

Iodine added 

Iodine recovered 


Determined 

(1) 

Theoretical 

(2) 


1 

1 

Y 


lo 

0 

0 192 



lb 

0 529 

0 624 

0 721 

0 87 

2a 

0 

0 174 



2b 

0 529 

0 725 

0 703 

1 03 

3a 

0 

0 267 



3b ' 

0 529 

0 70S 

0 796 

0 89 

4a 

0 

0 255 



4b 

0 529 

0 742 

0 784 

0 95 

5a 

0 

0 186 

1 


5b 

0 529 

0 731 

0 715 ’ 

1 02 

6a 

0 

0 186 



6b 

0 529 

0 638 

0 715 

0 89 


that none of the duplicate values differed from the other by more than 1 0 7 
per cent (Sample 7) and that m most instances the difference v as 0 3 7 per 
cent or less 
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The clinical application of the method is indicated by the data presented 
in Table V, giving the protein-bound serum lodme concentrations of 50 
normal individuals of lanous ages and of eight patients mth either hj po- 
or hyperthyroidism It is noted that the average value for normal children 
(5 5 y per cent) v as lov er than the a\ erage value for normal adults (7 0 y 
per cent) The values for patients ivith hypothjTOidism were below the 

Table IV 

Duplicate Analyses of Protein Bound Serum Iodine Concentration, Expressed As 


Micrograms Per Cent 


Sample No 

\ olume of aerum analyzed 

Difference (1) — (I) 

2 cc 

(I) 

-4cc 

(2) 

1 

6 1 

5 8 

0 3 

2 

7 2 

7 3 

-0 I 

3 

65 

6 6 

-0 I 

4 

67 

6 7 

0 0 

5 

7 6 

7 7 

-0 1 

6 

6 3 

6 5 

-0 2 

7 

8 5 

7 5 

1 0 

8 


9 0 

-0 6 

9 

9 9 

9 8 

0 1 

10 

4 4 

4 7 

-0 3 


TabI/E V 

^rotein Bound Serum Iodine Concentrations of Normal Children and Adults and 
Hyperthyroid and Hypothyroid Subjects 


Condition 

No of 1 
subjects 

1 

No of 
detenm 
nations 

Protein bound serum lodioe 

Average 

Rmst 

1 Kormal children (3-13 jrs ) 
i “ young adults 

5 Juvenile hypothyroidism or cretinism 

4 Myxedema in adult 

5 Thyrotoxicosis m adults 

39 

11 

4 

1 

3 

39 

17 

8 

1 

4 

•fPtrent 

5 5 

7 0 

2 3 

3 8 

12 6 

ffer ctiti 

40-70 

6 0-84 
18-30 

9 2-14 5 


lower limit of the normal values, while those for patients with h)'perth) 
roidism were above the upper hmit of normal 


Comments 

Because it is well known that a number of 
and mtensity of the color formed by starch and lodme (2), a study 
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of the effect of moderate variations m expenmental conditions upon the 
accuracy of the colorimetric assay descnbed here 

Although the quality of sulfunc acid is of importance (2), with pure 
lodate solutions the quantity present at the time of coloi formation may be 
doubled or halved w ithout altenng the color formation Likewise, while 
the color formed is the same whethei 0 03 oi 0 09 cc of airowTOot starch 
solution is used, the coioie formed with othei brands of starch i\ere much 
\\ eaker The addition of betw een 1 and 3 di ops of 5 m ui ea solution is also 
without effect upon the quality or intensity of the blue starch-iodine color 
How ever, large quantities of ui ea do inhibit the color foi niation shghtly 

On the other hand, certain other factois have an important influence 
upon the coloi assay The sensitivity of the coloi leaction is dimimshed 
when the concentration of lodate iodine is much less than 0 1 7 per cc 
This means that m the analysis of a 4 cc sample of serum, when a l*cc 
volume IS used foi the colonmetnc analysis, the concentiation of protein- 
bound serum iodine can be determined with acciiiacy only for values of 
2 5 7 or more per 100 cc of serum Thus any inciease in the volume of the 
solution assayed colonmetncally would requiie a corresponding increase 
in the volume of serum analyzed to maintain sensitivity 

Another factor of importance is the temperature of the lodate solution 
to be assayed coloi imetncally There is a definite tendency for the starch- 
iodine color to be less intense and to fade at tempei atures above 17® How - 
ev^er, the color developed is essentially the same at temperatures between 
—4° and -fib®, and no fading occurs dunng a 10 minute penod at 0-4® 
These observations aie in general agreement with those of other workers 
(2, 5) 

Riggs and Man hav'^e observ'ed that in the presence of the large amount 
of salts in the solution after the Grodk reaction an excess of potassium 
iodide results m a reddish vuolet starch-iodine coloi which is difficult to 
titrate with thiosulfate (2) On the other hand, if the quantity of iodide 
added is insufficient, the lodide-iodate reaction does not go to completion 
and titration values are low' The> concluded that for amounts of lodate 
up to 2 7, 0 06 cc of 0 2 per cent potassium iodide is satisfactorj' Similar 
observations have been made in this laboratory with the present color- 
imetnc method The vralues obtained with solutions of lodate dev'eloped 
according to the piocedure outlined abov'e for the blank are satisfactoiy 
provided 0 06 cc of a 0 2 or 0 4 per cent potassium iodide solution is added 
With solutions of lodate piepared with the aid of the Grodk reaction, satis- 
factory values are obtained when 0 06 cc of a 0 04 to 0 4 per cent iodide 
solution IS used The use of larger quantities of iodide than those descnbed 
above yields vanable colors and irregular assav values When smaller 
quantities are used, the colors formed aie of satisfactory quality, but their 
assay values are low 



488 


SEBUM PHOTEIN'BOUNI) IODINE 


SUMMAKY 

The Riggs and Man procedure for the determination of the protein 
bound serum iodine has been shortened and modified to permit the color 
imetnc deterimnation of the iodine 
The determination may be carried out ivith an accuracy of ±10 per cent 
on a single 4 cc sample of serum 

Prehmmarj’- observations suggest that the procedure provides a con 
vement and accurate estimation of thyroid function 

We are indebted to Dr D S Riggs and Dr E B Man for their generous 
advice dunng the course of this work 
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CHOLINE AND THE PREVENTION OF HEMORRHAGIC 
KIDNEYS IN THE RAT 


n PHOSPHOLIPID TURNOVEH DETERMINED WITH RADIOACTIVE 

PHOSPHORUS 

Bt jean M PATTERSON, N B KBEVIL, and E W McHBNRY 

(Prom the School of Hygiene and the Department of Physics, University of Toronto, 

Toronto, Canada) 

(Received for publication, February 18, 1944) 

The production of kidney lesions m rats fed a diet deficient in choline 
has been clearly established by Griffith and his associates (1) A previous 
report from this laboratory (2) showed that the percentage concentration 
of phospholipid in the kidneys and livers of young rats, maintained for 
10 days on a chohne-deficient diet, was lower than that found in sinular 
rats w hich had been supplied with cholme It was suggested that a possible 
explanation for the development of renal damage was a failure in phospho- 
lipid formation at a penod when phospholipids were needed for the develop- 
ment of the growing kidney This explanation has been further investi- 
gated with the aid of radioactive phosphorus (P”) While Perlman and 
Chaikoff (3) have used this technique to study the effects of cholme upon 
phospholipid turnover, their results were not secured under the special 
ciicumstances needed for the production of kidney lesions 
The age, weight, sex, diet, and vitamin supplements of the rats were 
the same as previousl}’^ reported (2) Three series of ammals were used 
Series A and B were each composed of two groups of ten animals One 
group in each senes received 3 mg of cholme per gm of the basal diet, 
the other group of rats was maintained without cholme On the 9th e\- 
penmental day, the anunals were fasted for 12 hours, after which each 
animal received by injection 1 cc of an isotonic solution of disodium hydro- 
gen phosphate containing radioactive phosphonis 5 hours after the in- 
jection, the animals w’ere killed by stunning The livers and kidnej's were 
removed and pooled for phospholipid estimation according to the oxidation 
method of Bloor (4) Measurements of the ladioactivity of the phospho- 
lipid fraction were made from thin deposits on Petn dishes with a thin 
w ailed /9-ray counting tube and an improved counting rate meter Series 
C contained thirty-five rats, 21 days old at the beginning of the experiment 
These animals received the basal diet plus 3 mg of cholme per gm of food 
Phosphohpid concentration and turnover were measured in the Iners and 
kidneys of these rats at fiequent inten'als during a penod of 30 dajs 
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Resulls 

Table I records the average phospholipid concentration and average 
percentage of the administered radioactive phosphorus recovered per gm 
of phospholipid and per 100 gm of tissue for both the livers and kidnej’S 
of Senes A and B Fig 1 shows the average percentage concentration of 
phospholipid in the kidney of the chohne-fed rat over the 30 daj expen 
mental penod in Series C and also the average percentage of the adinims 
tered radioactive phosphorus recovered (o) per gm of liver and kidnej 
phosphohpid and (6) per 100 gm of hver and kidney tissue 
The addition of choline to the basal diet markedly stimulated phospho 
lipid turnover m both the hver and kidneys as measured by the percentage 
of the admmistered radioactive phosphorus recovered from these organs 
Chohne mamtained the percentage concentration of phospholipid in the 


Table I 


Phospholipid Concenlralton and Turnover in Young Rais on lOlh Experimental Dag 



Group 

No 


Concentration of 
pbospbotipid 

Per cent recovery of radioactue 
phospnorus 

Senes j 

Treatmcat 

Kidney ' 

Liver 

Pergm 

phosphohpid 

Per IMira Uuue 








A 

1 

No chohne 

Ptg per 
cent 

1358 

mg per 
ant 

2135 

6 1 

■ 

8 3 

17 5 


2 

Chohne 

2597 

2472 

8 0 


206 

3) 4 

B 

3 

No chohne 

1563 

1 1880 

6 2 

1 10 5 

9 7 

20 0 


4 

Chohne 

2500 

1 2450 

7 4 

14 0 

18 2 

30 0 


liver and kidnej s at a high level All animals not receiving chohne show 

fatty livers and renal damage, the percentage concentration of phosp o- 
lipid m the kidneys was reduced to a verj" low level In Senes A, 
cent more radioactnm phosphorus was recovered per gm of phosp o ipi 
from the kidneys of rats receivmg chohne than from those not receivin 
chohne, m Senes B the difference was 16 per cent greater recover) in ai 
of the choline-treated animals The ratio of the per cent a “'“I® ® 
radioactive phosphorus recovered per gm of kidney phosp o ipi 
chohne-treated animals to that in non-cholme-treated amma s, or 
A and B, was 1 3 and 1 2 respectively „i,nimids In 

Similar results were obtained in the case of hver p 
Senes A 34 per cent and in Series B 25 per cent more radioac i 
were recovered per gm of phosphohpid from the livere 
treated animals than from the livers of the animals w i 
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choline The latios Mere 1 5 and 13 for the livers of Senes A and B 
lespectively 

If the companson of the percentage recovOTy of administered radio- 
active phosphorus is made on the basis of 100 gm of tissue, the kidneys of 
the chohne-treated ammals ii ere 60 per cent more active in Senes A and 
47 per cent more active in Senes B than the kidneys of the untreated 
ammals, the respectne ratios iiere 2 5 and 1 9 Expressed on this basis, 



Fiq 1 Phospholipid turnover and concentration in young rats receiving chohne 
The solid hne denotes liver, the dash line, kidney Curve A, per cent recovery of 
radioactive phosphorus per 100 gm of tissue. Curve B, per cent recovery of radio- 
active phosphorus per gm of phosphohpid. Curve C, phospholipid concentratfon 
m kidnej 

the livers of the chohne-tieated ammals were 44 per cent more active in 
Senes A and 33 per cent more active in Senes B than the hi ers of the 
choline-deficient animals, the ratios being 1 8 and 1 5 
The results of Senes C show that the percentage concentration of phos- 
pholipid in the kidney increases durmg the first 9 daj s on the expenmen tal 
diet, after w hich tune the concentration is maintained at a constant lex el 
The phospholipid tumoi er in both the In er and kidnej s is smallest on the 
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1st experimental day, increases to a maximuin on the 6th daj', and then 
declines to the 30th day on the experimental rdgime 

DISCOSSION 

GnfEth (1) repoited that renal lesions and fatty livers a ere most readilj 
produced, on a choline-deficient diet, within 7 to 10 days in 40 gm male 
rats 20 to 30 days old The kidney lesions developed over a 24 to 48 hour 
period, between the 6th and 9th days A marked decrease m the incidence 
of renal degeneration was found in older and heavier rats The renal 
degeneration in our animals invariably occurred between the 8th and 10th 
days 

The experimental data of a previous study (2) showed that renal damage 
is preceded by a marked fall in the percentage concentration of phospho- 
lipid in the kidneys Chohne increases the concentration of phosphohpid 
m the kidneys and stimulates phosphohpid turnover A smiilar stimulatins 
effect of chohne on phosphohpid turnover m the hver of the fat-fed rat 
has been reported by Perlman and Chaikoff (3) The results of Senes C 
indicate that the highest turnover of phosphohpid and, therefore, the 
highest requirement for chohne to form pliosphohpid is on the 6th ei 
penmental day If chohne is absent from the diet at this cracial time, the 
phosphohpid turnover is not sufficiently rapid to meet the demand for 
phosphohpid formation The phosphohpid turnover is markediv reduced 
in older rats This explains why the chohne requirement is significantli 
less in rats over 35 days of age and why rats of this age are more resistant 
to chohne deficiency than younger animals The decreased requirement 
for chohne might explain the spontaneous lecovery noted bi Gnfhth (1) 
m ammals which survived the initial 10 daj' period 


SUMMAHl 


The results of a preiuous study, that chohnt deficiency causes a diraim' 
concentration of phosphohpid in the Iners and kidneys of joung ra s in 
which kidney damage is produced by the dietary rdgime, have e 
firmed Measurements of recovery of radioactive phosphorus rom is- 
phospliohpids show that the choline deficiencj decreases p 
turnover In normal young rats the phosphohpid concentration an 
pholipid turnover m the kidneys are greatest in the bnef peno m 
chohne deficiency causes marked renal lesions These resu su ^ 
hypothesis that the kidney damage is consequent to an ina eq 
of phosphohpid 


f the 

This investigation has been facihtated by a grant nji 

of Natural Sciences of the Rockefeller Foundation 



PATTERSON, KEEVIL, AND MCHENRT 


493 


to express their gratitude to Mr F 0 Walklmg for assisting with the 
radioactivity measurements 


BIBL.IOGRAPHX 

1 GnfSth, tv H , Biological symposia, Lancaster, B, 193 (1941) 

2 Patterson, J M , and McHenrj , E TV , y Btol Chem , 145, 207 (1942) 

3 Perlman, J , and Chaikoff, I L , y Btol Chem , 127, 211 (1939) 

4 Bloor, TV R , y Btol Chem , 82, 273 (1929) 




A STUDY OF THE ACETYLATION IN VIVO OF CERTAIN d-AMINO 

ACIDS* 


Bi FRANCIS BINICLEY, JOHN L WOOD, wd VINCENT du VIGNEAUD 

(F rom the Department of Biochemistry, Cornell Unnersity Medieal College, 

New Yorh City) 

(Received for publication, Februarj 11, 1944) 

During studies on the inversion of d-amino acids to their antipodes 
within the animal body it had been established that d{—)-pheny[sjnmo- 
butync acid can be converted to and excreted as the acetyl denvative of 
I(+)-phenylaminobutync acid (1) It then became of interest to detei- 
mine whether other amino acids which are excreted as the N-acetj 1 dem a- 
tives hkeivise undergo optical inversion of the configuration of the a-amino 
carbon atom The hypothesis was tested by feeding S-benzyl-d-homo- 
cysteine and S-ben 2 yI-d-cysteme (2) Both of these were found to be 
inverted The isolation of a small amount of the dl-acetyl denvative of 
benzylcysteme (2) suggested the possibility that direct acetylation may 
occur ivithout optical inversion of the d-anuno acid (3) In a later in- 
vestigation (4) p-bromophenyl-d-cjsteine was fed and the X-acetyl-p- 
bromophenyl-d-cysteine isolated from the urine had the sign of optical 
rotation characteristic of the d enantiomorph Direct acetylation uas 
thus established unequivocally, although the companson of the numencal 
value of the isolated denvative -with that of the optically pure acet j 1 den\ a- 
tive prepared tn vitro shou ed that to some extent in\ ersion had also taken 
place 

In the experiments on benryl-d-cysteine leported earher (2) ne had 
repeatedly crystallized the excreted acetyl denvatn e to obtain a product 
for charactenzation By so domg it was possible that some I isomer had 
been separated from the accompanying racemic isomer The feeding of 
benzyl-d-cysteme has been repeated and fractional crystallization i\as 
therefore avoided in the isolation of the acetylated product in order that 
more significance could be attached to the numencal value of the rotation 
as well as to the duection of rotation When this u as done, the low ei rota- 
tion of the acetylbenzylcysteine isolated mdicated somewhat larger amounts 
of d isomer than had been previously detected, although mi ersion still 
predominated The data of the benzjd-d-cysteine feeding and the subse- 
quent experiments with other compounds are gn en in Table I The con- 
trast between the behavior of the benzyl-d-cysteine in vivo with that of 

* The experimental work reported in this paper was carried out dunng 1939-40 
The presentation of the work has been unavoidablj delayed 

495 



496 


d-MERCAPTUHIC ACIDS 


p-bromophenyl-d-cysteine Dhich for the most part underwent direct 
acetylation still remamed 

The structures of p-bromophenylcysteme (I) and benzilcj-steine (II) 
are seen to differ only in the nature of the group attached to the sulfur of 
the cysteme moiety We were led, therefore, to investigate whether the 
property of p-bromophenyl-d-cysteme which promoted the considerable 
amount of direct acetylation was the presence of a bromine atom attached 
to the benzene nng or the direct attachment of an aromatic nucleus to the 
sulfur It seemed possible to differentiate between these factore bj stud) 
mg phenyl-d-cysteme (III) and p-bromobenzyW-cysteme (IV) In the 


Br 


n 

0 

Br 

f) 

\/ 



u 

u 

S 

1 


CH, 

1 

s 

CH, 

1 

CHj 

1 

1 

S 

1 

CH, 

1 

1 

S 

1 

CHNH, 

1 

1 

CH, 

1 

CHNH, 

1 

CH, 

COOH 

j 

CHNH, 

1 

1 

COOH 

1 

CHNH, 

(I) 

1 

COOH 

(II) 

(III) 

1 

COOH 

(IV) 


case of the p-bromobenzyl-d-cysteine, the rotation of the acetyl dematne 
isolated from the unne indicated a preponderance of the d isomer The 
p-bromobenzyl-d-cysteine thus was similar m behavior to the pbromo- 
phenyl analogue, that is, direct acetylation predommated On the other 
hand, after the feeding of phenyl-d-cysteine, the isolated acet)lpben) 
cy^steme consisted mainly of the I isomer In other words, inversion pre 
doimnated in the acetylation process In this respect phenyl-d-c)’steiDe 
more closely resembled benzyd-d-cysteme 
From the foregoing results, the presence of a bromine in the '' 
nucleus rather than the direct attachment of the aromatic nucleus to 
cysteine appeared to be the more important factor contnbutmg o 
tendency of the animal body to bnng about direct acetylation o 
acid denvatives of tlus type We cannot, however, assign the prom 
of direct acetylation exclusively to the presence of bromine attac 
aromatic nucleus Further studies revealed that the feeding o o 
benzyl-d-cysteme led to the excretion of an optically inactive 
tive, a findmg which indicates equal amounts of direct ^ 
inversion On the other hand, we found that pbromo n 
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cysteine, like benzyl-d-homocysteme, showed little or no direct acetylation, 
since the excreted compound was almost entirelj the 1-amino acid 
derivative 

In the course of this investigation, we have obtained further evidence 
that the process of inversion is not the result of racemization of the acetyl 
denvative The denvatives of Z-cysteine corresponding to those alreadj 
discussed were fed and in confirmation of previous reports (1-7) the ex- 
creted acetylated products were optically pure denvatives of the I isomers 
In no case have we found any evidence for the inversion of the Z-ammo 
acid configuration in a feeding expenment Similarly, in no case ivithm 
our expenence have we foimd an occurrence of the inversion of an acetyl 
derivative of a d-aimno acid configuration Nevertheless, as a further 
check, N-acetjlbenzjl-(Z-cysteme was fed to rats The excreted acetyl 
denvative isolated from the unne showed no change from the fed matenal 
in the sign or magnitude of the optical rotation Thus it can be cate- 
goncally stated that, when inversion occurs, it is not the result of the 
racemization of the acetyl denvative 

In addition it should be noted that in the formation of mercaptunc acids 
following the ingestion of bromobenzene (4), benzyl chlonde (5), and p- 
bromobenzyl bromide (6) there is no indication of the presence of an 3 of the 
d isomer 


EXPERIMENTAL 

Preparahon of Cysletne Denvatives 

o-Bromdbenzyl-d-cysleine — 12 9 gm of benzyl-iZ-cysteme were reduced 
by metallic sodium in liquid ammonia 13 0gm of o-bromobenzjd chlonde 
dissolved in 50 cc of absolute ether weie added to the solution and stimng 
was continued for about 1 hour The denvatixe was isolated and punfied 
m the usual manner (2) 4 8 gm of the dernatue decomposing at 203- 

205° were obtained It possessed a rotation of [alo = —19° for a 1 per 
cent solution in 1 n NaOH The nitrogen content of 4 89 per cent agreed 
closely with the theoretical value of 4 82 per cent 
p-Bromohenzyl-d-cysteine — This compound was first made by treating 
the reduction product of benzyl-tZ-cj'steine and sodium m liquid ammonia 
solution with p-bi omobenzyl chlonde in the same manner descnbed for 
o-bromobenzyl-cZ-cysteine It was later found more convenient to add the 
appropnate halide to sodium dZ-cysteinate in liquid ammonia and then 
isolate the p-bromobenzyl-dZ-cysteme (m p 214-216°) and resolve it in the 
manner descnbed for benzyl-dZ-cj'steine (8) The dZ-formyl denvative 
crystalhzed from acetone-benzene mixtures melted at 148° The brucine 
salt of the N-formyl-p-bromobenzyl-d-cysteine was crystalhzed from 
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butanol to a constant rotation of [a]“ = -21 0°fora 1 per cent solution m 
nater p-Bromobenzj'W-cj-steme was obtained mth a decomposition 
point of 211-213° and a rotation of [»]“ = -2S 0° for a 1 per cent solution 
in 1 N NaOH The nitrogen content of 4 74 per cent agi^ closelj mth 
the theoretical i alue of 4 82 per cent 
p-Bromobenzyl-l-cysteine — ^The filtrate from the first precipitation of the 
brucme salt of fonnjdbromobensal-d-cjsteme described aboie was concen 
trated to 0 5 volume and allowed to stand se^ eral daj’s in the ice box A 
small amoimt of precipitate was removed b}' filtration and the filtrate nas 
concentrated to a thick S 3 '’rup This syrup was suspended in 1 a MhOH 
and was punfied m the same manner as for the d enantiomorph After 
the material had been dried m vacuo ox er H:SO<, it decomposed at 219- 
212° A 1 per cent solution of the compound m 1 ^ NaOH gax e a rotation 
of [ajn = -f 26° The nitrogen content of 4 76 per cent agreed clo'eh 

with the theoretical content of 4 82 per cent 
Phenyl-d-cystetnc — ^The procedure for the preparation of this compound 
paralleled that used m making the analogous p-bromophenjW-cj-stcme 
(4) The sjmthesis of phen\l-Z-cj-steme by the application of this pro- 
cedure has been reported in full bj' Zbarskj and Young (9) Our product 
possessed a rotation of [a]“ = —70 5° for a 1 per cent solution m 1 n HC! 
Clarke and Inoux'e (10) haxe reported a comparable rotation m their preps 
ration of the I isomer, Wns* = -4-82° for a 6 2 per cent solution in 1 ^ HCI 
p-Bromohenzyl-d-homocyslctne — ^This compoimd was prepared from 
benzyl-d-homocj’steme in the same manner as the o-bromobenz)l-d-c}'steffle 
already descnbed m this paper The compound possessed a rotation of 
Wd == -}-9° for a 1 per cent solution m 1 n NaOH 
Acelyl Denvalives — The acetj 1 denxratix’-es of both the d and I amno 
acids were prepared as prexuouslj descnbed (1) The identit} of^ach 
product was checked bj’’ nitrogen determinations The denvatnes pos 
sessed the properties shoxvn in Table I 


Feeding Experiments 

The data from the feeding expenments are summanzed m 
animals showed mdmdual xranation m their acceptance of the food vr c 
contamed 1 to 2 per cent of the test compounds In cases of lefusa oca 
the stock diet mixture (Diet I), a hquid diet (No II) xvas admiim c 
stomach tube (3) The casern diet (No III) was found to be J 

the majonty of the animals and was used in the later ^ 

cated in Table I The three tj^pes of diet used were alt adjudgco 

nutntionally adequate from the 

In our earlier experiments the acetj 1 denvatix'es were , . 
acidified unnes by means of ether extraction followed by distiUatio 
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ether and crj'stallization of the residue from alcohol Better jnelds u ere 
obtamed by the following procedure which was adopted in expenments 
based on the casein diet (No III) described above 
The total unne and ivashings n ere heated to boiling and filtered through a 
pad of glass wool Hydrochloric acid w as added until the solution u as acid 


Table I 


Charactensiics of Products Isolated 


Compound led 

Diet 

No* 

Acetyl derivative isolated 

Synthetic N acetyW 
denvative 


M p 

Wd 

M p 

Wd 


ms 


mt 

C 

desrees 

C 

degrees 

0 Bromobenzyl d cysteine 

1000 

I III 

210 

138 

0 

134-135 

-f38 

p Bromobenzyl d cysteine 

500 

II 

90 

148-149 

-1-20 

142-143t 

+40 


1000 

I 

130 

142-143 

+23 




910 

III 

280 

143-145 

+19 





(< 

300 

145-146 

+21 




900 

(< 

181 


+25 




910 

it 

282 


+16 




960 

ft 

331 


+20 



Phenyl d cysteine 

1000 

II 

240 

142-143 

-17 

142-143 

+20 

Benzyl d cysteine 

960 

III 

170 


-7 

143-144 

+42 


910 

(( 

190 


-10 




1050 

ft 

260 


-11 



p Bromobenzyl d homocys 

2790 

II 

110 

139-140 

+3t 

140 

-2 

teine 

1000 

III 

170 

139-141 

+3t 



Iv Acetylbenzyl d cysteine 

620 

(( 

220 

143 

+43 

143-144 

+42 


700 

ft 

300 

143 

^43 


i +42 


‘Diet I, Bal Ka dog chow, ad libitum. Diet II, slam milk powder 25 0, Har- 
ris yeast 1 3, sucrose 31 5, Mazola 2 5, cod liver oil 4 5, Osborne Mendel salt mixture 

(11) 0 3, water 34 9, admimstered by stomach tube (3), Diet III, casein 8 0, dextrin 
41 0, sucrose 15 0, Mazola 30 0, Osborne Mendel salt mixture 4 0, agar 2 0, ad lib 
itum, vitamin supplementation administered in the same manner ns in earlier work 

(12) plus 50 mg of choline chloride daily 

t Stekol (6) has reported a melting point of 118-119° for N acetyl p broraobenzy 1 
I cysteine 

t The acetyl derivative w as hydrolyzed to the ammo acid which had the rotation 
of pure p bromobenzyl I homocysteine 

to Congo red After the acidified solution had been heated for 10 minutes 
at 90-95°, it was treated with a small amount of decolonzmg carbon and 
filtered while hot The cooled solution w'as then extracted four times mth 
1 volume portions of ethyl acetate contaimng 1 per cent methanol The 
combined ethyl acetate extracts were concentrated to drvness and the 
residue was dissolved m dilute ammonia The solution wa'; then 
centrifuged to remove insoluble matenal and acidified with concentrated 
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HCl Some scratching of the flask and cooling of the solution initiated 
crystallization, which was allowed to contmue for 3 to 4 daj-s at 0° Alco- 
holic solutions were avoided in the recrystallization of the derivatives to 
prevent fractionation of the optical isomers Purification was continued 
only until the denvatives had the correct nitrogen content The amounts 
of the isolated products obtained and their characteristics are listed in 
Table I 


SUMMARI 

Phenyl-d- and benzyl-d-cystemes are converted m vivo for the most part 
to the correspondmg N-acetyl-1-amino acids Some direct acetjlation aLo 
takes place The substitution of a bromine atom m the aromatic nng 
increased the amount of direct acetylation p-Bromobenzyl-d-homocjs 
teine was completely inverted No inversion of the Z-aimno acids or of the 
N-acetylbenzyl-d-cysteme was observed 

The authoi-s wish to thank Dr J R Rachele of this laboratory for carrj 
ing out the microanalyses 
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A STUDY OF THE SYNTHESIS OF /3-ALANINE 
IN THE WHITE EAT* 


By jay R SCHENCKt and VINCENT dd VIGNEAUD 

(From the Department of Biochemistry, Cornell University Medical College, New York 

City) 

(Received for publication, February 18, 1944) 

Since the discovery of ;3-alanine as a constituent of the muscle extractive 
carnosine (1), the question of whether ;8-alanme is an essential dietary 
factor has remamed unansv ered It was not until the components of the 
vitamin B complex vere sufficiently elucidated to permit the use of syn- 
thetic vitamins in the place of crude extracts and a suitable method for the 
determination of /3-alamne vas available, that it was possible to conduct 
an expenment to determme directly^ whether the rat is capable of synthe- 
sizing /3-alamne 

The experiments of Rose (2) showed that rats could be grown on diets 
in which punhed amino acid mixtures contaming no ^-alanine replaced the 
protein component However, the findmg of Mueller and Cohen (3) that 
liver extract contams ^-alanine led to the suspicion that perhaps other 
vitanim B supplement preparations might contnbute p-alamne to the diet 
The discovery that pantothenic acid is a /3-alanine denvative (4) and that 
it IS an essential factor for giowth of the vhite rat (5) indicated that all 
adequate diets must contain /3-alanme in so far as it is a part of pantothenic 
acid Whether the amount which must be supplied as pantothenic acid 
IS adequate to account for the /3-alanme laid down as camosine and anserine 
in muscle tissue of growing rats has not been ascertained 

In order to determine whether the white rat is capable of sjmthesizmg 
/3-alanme, the folloiving series of experiments was undertaken Two litters 
of lats were divided into three groups One group was sacnficed at the 
beginning of the expenment and the carcasses were assajed for /3-alanme 
The second group was placed on a diet in which pantothenic acid was 
maintamed at a minimum lei el for satisfactory grow th, and the third 
group received a higher level of pantothenic acid and also 1 mg of free 
/3 alanine per day At the end of the expenmental penod, these rats were 
sacnficed and the /3-alanme content of the carcasses determined The 
results aie summanzed in Table I 

It can be seen that the j3-alanme content of both gi oups of rat carcasses 

* The experimental work reported in this paper was earned out dunng the penod 
of 1938-41 The presentation of the w ork has been delayed bj the present emergenej 

t Abbott Laboratones Research Fellow 
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increased about 20-fold When the ontj source of ^-alanine m the diet 
■was a low le%el of pantothenic acid, the amount of /S-alanme m the hier 
decreased The growth cun es of these i ats also mdicated that the panto- 
thenic acid level was suboptimal In the group supplied with a higher 
level of pantothenic acid, as wdl as with a supplement office ^ alanine, 
the hvers showed an increase m /9-alanine dunng the growth penod This 
small increase could be accounted for as storage of some of the pantothenic 


Table I 


Comparison of p-Alamne Content of Rats Grown on Diets with Low and High p-Alamne 

Content 


Hal No 

and Kx 

Change in bod> 
weight 

Initial tn final 

DuraiioQ 

of 

experunent 

Total food 
consvimpUon 

Total 

P aUnme 
m diet 

d AUnme contest 
of taavts 

Lircf 

Caran 

(except 

hvtr) 



tm 

days 

xm 

JBX 


"X 

623 

cf 

34 

0 

0 

0 

0 2 

2 

624 

o' 

31 

0 

0 

0 

0 1 

1 

625 

cf 

34 

0 

0 

0 

0 2 

2 

631 

9 

30 

0 

0 

0 

0 2 

I 

632 

9 

39 

0 

0 

0 

0 4 

2 

633 

9 

38 

0 

0 

0 

02 

2 

618 

9 

31-144 

53 

471 

0 60 

0 1 

40 

619 

o' * 

33-158 

53 

428 

0 45 

0 1 

30 

620 

o' 

31-172 

53 

3S5 

0 60 

02 

45 

626 

9 

36-161 

53 

429 

0 60 

0 1 

33 

627 

9 

36-147 

53 

469 

0 60 

0 1 

35 

628 

9 

36-161 

50 

470 

52 0 

05 

29 

629 

9 

37-171 

48 

441 

49 9 

02 

33 

630 

9 

37-148 

50 

477 

52 0 

04 

40 

621 

<? 

32-199 

46 

489 

47 7 

0 4 

v'O 

622 

G' 

32-225 

48 

493 

49 9 

06 

-JS 


* Rat 619 ■was given no pantothenic acid until it began to lose weight from tk 
deficienc> Added pantothenic acid cured the sjmptoms and growth was resum 
immediately 


acid fed The ^-alanme content of the rest of the carcass increa- » “ 
30 or 40 mg regardless of the amount of /J-alamne m the diet ' 
crease is about 50 times the amount of ^-alamne supphed in the e w 
the lower let'el of pantothemc acid was fed, and, therefore, consi 
proof that /3-alanine can be synthesized by the growmg white i« ^ 
For the determination of (9-alamne in the tissue of rats, t e } 
response due to i3-alanme was used A method based on ^ ® ,l,e 

devised and is reported in this paper This method is more P 
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diphtheria bacillus method descnbed previously (0) and gives the same 
results V ith hydrolyzed carcasses Recently, Pollack (7) has also described 
a yeast groudh method for the determmation of /8-alanme Oui yeast 
growth method was tested mth various levels of synthetic 0-alanme added 
to suboptimal levels of tissue hj'drolysates to determine whether the hj^diol- 
j sates contam anythmg that enhances or inhibits the growth response of 
the yeast to 0-alanine In hydrolysates of liver tissue, where the |3-alanine 
content was unusually low', the j'east growth method gave lowei results 
than the diphthena bacillus growth method This is presumabl} due to 
the presence of toxic matenals, since in these cases low dosage levels ga\ e 
higher assays than did lugh dosage levels 
Hydrolyzed tissues were used on the one hand because of the difficulty 
of extracting (3-alanine and its compounds completelj, and on the othei 
hand because some /S-alamne denvatives do not produce the same grow th 
stimulation as free /3-alanme Pantothemc acid under the conditions of 
the present study was considerably more active than free /?-alanme, camo- 
sme was about one-third as acti\e, and ansenne w'as mactive All errors 
m analysis for d-alamne due to the inequalities m activity of these /8-alanme 
compounds were avoided by the use of hydrolyzed tissues m the assaj 
procedure 


EXPERIMENTAL 

Feeding Experiment — Sixteen rats, at the age of 19 days, were dmded 
mto three groups The first group, mcludmg Rats 623, 624, 625, 631, 632, 
and 633, was sacrificed at the beginnmg of the experiment The rats of 
the other two groups were placed m mdividual cages and given food ad 
libitum The diet contamed the following mgredients per 100 gm sucrose 
63 7 gm , casern 22 3 gm , Osbome-Mendel salt mixture (8) 4 0 gm , hjdro- 
genated vegetable od (Cnsco) 9 0 gm , com od (Mazola) 1 0 gm , i itamin A 
4000 umts, vitamm D 400 umts, a-tocopherol 01 mg, 2-methyl-l,4- 
naphthoqiunone 0 1 mg In addition, the second group of rats, including 
Rats 618, 619, 620, 626, and 627, received daily aqueous ^’ltamln Supple- 
ment I and the third group of lats, mcludmg Rats 628, 629, 630, 621, and 
622, received dady aqueous 1 itamm Supplements I and II The daily 
aqueous Vitamm Supplement I consisted of thiamine 0 02 mg , nboflai m 
0 02 mg , pyndoxme 0 02 mg , nicotmic acid 0 02 mg , cholme chloride 25 
mg , inositol 5 mg , calcium dl-pantothenate 0 015 mg for the first 26 daj s, 
calcium d-pantothenate 0 015 mg from the 27th to the 31st daj , calcium 
d-pantothenate 0 03 mg from the 31st to the 37th daj , and calcium d- 
pantothenate 0 06 mg for the remamder of the experiment The panto- 
thenic acid content of Vitamin Supplement I was increased several times, 
as it became apparent from the growdh cun'es that the level was made- 
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quate The daily Vitamin Supplement 11 consisted of alanine 1 mg 
and calcium dZ-pantothenate 0 15 mg Tlie change in weight, the duration 
of the expei-iment, the total food consumption, and total /9-alamne ingestion 
for each rat are given m Table I 

Preparation of Rat Carcasses for Assay~The rats were killed mth ether 
and the gastromtestmal tract was removed and cleaned The hver nas 
hydrolyzed separately from the rest of the cai cass The carcass n as ground 
with a meat chopper and was placed m about 500 ml of 20 per cent hjdro 
chlonc acid The mixture was boiled for about 20 hours and nas filtered 
The excess acid was remoi ed from the filtrate by distillation under reduced 
pressure The residue was dissolved m about 300 ml of watei and the 
solution was made alkaline with sodium hydroxide The rolummous 



Fig 1 Effect of alanine on yeast groa th (16 hours) 

precipitate w'as separated by centnfugation and was washed several times 
The solution was finally neutrahzed and w as diluted to a convenient vo urac 
(usually 750 ml for adult rats), and then stored in a refngerator un i 

assayed „i,nqpd 

Feast Growth Assay Melhod~The assay of alanine with yeast is 

upon the measurement of yeast growth after 16 hours of meu a , 
modification of a previously desenbed medium (9) was used co 
the following ingiedients per liter sucrose (c p ) 20 grn , 
fate 3 gm , Z-aspartic acid 100 mg , inositol 5 mg , “’“I"™® jj or 
pjTidoxme 0 02 mg , biotm 0 04 mg (livei concentrate o j. 

KS,PO, 2 gm , CO. 2H,0 0 25 ^ 
mg (MgSOi 7H20 0 25 mg), HjBOj 1 mg, ZnSOi 1 mg, 
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TlCla 1 mg , FeCU 0 5 mg , CuSO* SHjO 0 1 mg , and KI 0 1 mg The 
aqueous medium containing all the ingredients except thiamme was auto- 
claved at 15 pounds pressure for 30 mmutes An aqueous solution of 
thiamine was stenhzed separately wth live steam for 10 mmutes and was 
added after the rest of the medium had been autoclaved The medium 
was withdrawn from this stenle flask when needed 
The aliquots to be tested (estimated to contain 1 to 3 7 of jS-alanme) weie 
made faintlj acid (pH 4 to 7) and diluted to 2 ml m 50 ml Erlenmejer 
flasks The flasks weie then stenhzed wnth steam for 10 mmutes Sac- 
charomyces cerevisiae, Fleischmann’s Stram 139, was earned with dailv 
transfers on w ort agar slants For inoculation, a suspension w'as prepared 
m stenle water and its concentration determmed ivith a photoelectric 
colonmeter A known amount of this preparation was added to the me- 
dium drawn fiom the stock flask to obtam a suspension contaming 0 6 mg 
of yeast per 100 ml 10 ml of the latter were then mtroduced into each 
Erlenmeyer flask and mcubated at 30° for 16 hours 
At the end of the mcubation penod, the flasks were shaken to form a uni- 
form suspension and the turbidity determmed in a IQett-Summerson 
photoelectnc colonmeter with a blue filter (No 42, maximum transmission 
at 4200 A) A standard curve was prepared from turbidity measurements 
obtamed with media contammg 0, 1, 2, 3, and 4 7 of /J-alanme respec- 
tively (Fig 1) The values obtained by this method for the /3-alanme con- 
tent of the liver and carcass of the rats are shown m Table I 

SUMMABY 

It has been shown that growmg rats are able to synthesize ^-alanme 
Hats on a low pantothemc acid diet deposited more than 50 tunes as much 
j8-alamne m their tissues as w'as supphed in the diet The /3-alanme con- 
tent of the liver tissue reflected the amount of pantothemc acid supphed in 
the diet, but the fl-alamne content of the extrahepatic tissues was inde- 
pendent of dietary /3-alanme The /3-alaiune content of the tissues was 
determined bj' a yeast grow th method which is described m detail 

BIBUOGKABHY 

1 Gulewitsch, W , Z physiol Chem , 73, 434 (1911) 

2 Rose, W C , Physiol Rev , 18, 109 (1938) 

3 Mueller, i H , and Cohen, S , J Bad , 34, 381 (1937) 

4 Weinstock, H H , Jr , Mitchell, H K , Pratt, E F , and Williams, R J , / Am 

Chem Soc , 61. 1421 (1939) 

5 01eson,J J, Woolley, D W , and Elvehjem, C A,Proc Soc Exp Bwl and Med, 

42, 151 (1939) 

6 Schenck, JR,/ Biol Chem , 149, 111 (1943) 

7 Pollack, M A , / Am Chem Soc , 66, 484 (1943) 

S Osborne, T B , and Mendel, LB,/ Biol Chem , 37 , 572 (1919) 

9 Snell, E E , Eakin, R E , and Williams, R J , / Am Chem Soc , 62, 175 (1940) 




DETERMINATION OE AMMONIA EVOLVED FROM a-AMINO 
ACIDS BY NINHYDRIN 

Br DOUGLAS A RIacPADYEN 

(From the Hospital of The RocUfeller Institute for Medical Research, New York) 
(Received for publication, February 11, 1944) 

Ammonia is evolved from the pnmary a-ammo groups of ammo acids 
when they are heated uath excess ninhydnn in boiling aqueous solution 
The reaction is complete m a few minutes, but the ammonia jneld is quan- 
titative only when the pH of the solution is 1 0 to 2 5 If the pH is highei , 
part of the ammoma condenses to form the blue amon of diketohydnn- 
dylidene-diketohydnndamine (A^ ’-2,2'-N-bisindandione) (1-3) 

O O 

II i! 

c c 

/ \ / \ 

C.H, G— N=C C.H, 

\ ^ \ / 

c c 


The formula of the amon is given, because the blue color appears to depend 
on ionization 

Even at pH 1 to 2 5 the jneld of ammoma from some of the ammo acids, 
though constant, is incomplete Therefore the present method is less accu- 
rate for determination of free ammo acids m biological mixtures than is the 
nmhydrm-COj method of Van Slj'ke, Dillon, MacFadj'en, and Hamilton 
(4) Nexertheless, the two methods can be combined to adiantage in 
order to determine the stiucture of a compound containing an ammo acid, 
as w as done by Folch and Schneider (5) in isolating phosphatidyl serine 
The two methods can also be combined to determine certain ammo 
acids m mixtures inth others V^ereas ninbidnn acts on probne and 
hydroxyprolme with evolution of carbon dioxide from their carboxjd groups, 
their ammo groups jield no ammonia, hence the difference, COj ramus 
NHj, maj be used as a measure of prolme and hi droxyprolme m some 
ammo acid mixtures Aspartic acid also is measured differentlj m the tw o 
methods, yielding 2 moles of carbon dioxide and 1 mole of ammonia In 
the foregoing respects the ninhydnn-NHs method is similar to the nitrous 
acid method of Van Slj ke for ammo nitrogen (6) 

With certain other tjpes of amines houeier, the two methods differ in 
specificity Unhke the nitrous acid method, with the present method only 
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pninarj’- a-amino groups of free amino acids are determined For example 
iihile nitrous acid evolves mtrogen quantitatively from alanine, aglu' 
cosamine, and both amino groups of lysine, mnhjdnn acting on the^ 
substances forms ammoma only from the a-ammo group of Ijsme 

The mam steps in the present method are, consecutive^ (I) the nin 
hi dnn reaction is carried out at pH 2 5, (2) the mnh} drin is remoi ed as an 
insoluble derivative, hjdnndantm, (3) the generated ammonia is trans 
ferred to an aoid solution bj the aeration procedure of Van Slj ke and Cullen 
(7), and (4) ammoma in the acid solution is titrated or measured mano- 
metncally by means of the hypobromite method of Van S^ke and 
Kugel (8) 

The loiv pH, 2 6, of step (1), and the removal of mnh} dnn in step (2), 
before alkahmzation, forestall the combination of ammoma inth mnhjdnn 

If the blue mnhj dnn-aramonia compound were permitted to form, the 
xneld of ammoma would be low ered The im erse relation of blue color to 
j leld of ammoma is shown b5^ the following obsenations (a) VTien the 
nmhydnn reaction is earned out at pH 2 5, the solution shows on!} a transi 
ent blue color changing to pale yeUow If, without remmal of the excess 
mnhydnn, the pale yellow solution is mixed with alkahne h}'pobronute, 
howex'-er, the color turns to blue, and the yield of Ni gas is xanable and 
never exceeds 0 6 of the «-mtrogen of the ammo acid (b) If the present 
method is followed in exery detail except that buffering at pH 4 7 is sub- 
stituted for buffeting at pH 2 5, a persistent blue color forms and the }ield 
of ammonia is variable and less than 0 8 mole per mole of ammo acid 
(c) If the pH during the reaction is at 1 0 to 2 5 and the mnh} dnn is then 
removed in step (2), the solution shows no persistent blue color dunngthe 
nmhydnn reaction or dunng the hberation of ammoma by addition ofalkah 
in step (3), and the yield of ammoma is quantitatix e or constant 

Complete precipitation of mnhydnn from aqueous solution can be ac 
complished in either of two ways desenbed b} Ruhemann (1), h} 
reduction of mnhydnn to h}dnndantin by means of h}drogen sulfi e, 
2C,H90 s HjO + HsS = CwHioOe + S + 2H,0, or by condensation of 
nmhydnn with o-phen} lenediamme to form a diketophenazine compoan 
Both hydnndantin and the diketophenazine compound are insolub e a 
pH 2 5, but hydrogen sulfide is the more convement reagent 


Apparatus 

For the Nmhydnn Reaction — The all-glass reaction x essel of Hamil 

andVanSlyke ((9) Fig 1, A) j f-mnnation 

For Determination of Evolved Ammonia ^The apparatus for e 
of ammonia by aeration, desenbed by Van Slyke and 
meter is useful to measure the air current dunng aeration, m o 
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sure that at least 75 hters of air are earned through the solutions When 
ammonia is measured manometncally, the Van Siyke-Neill apparatus is 
needed 


Reagents 

Besides those reagents needed for the mnhydnn reaction (4), the present 
method inquires hydrogen sulfide and the reagents described for the deter- 
mination of ammonia by aeration (7) For manometnc measurement of 
ammonia the hypobromite i eagent (8) is used For titration of the ammo- 
nia 4 per cent bone acid solution (10) and v/70 sulfunc acid (7) are 
employed 

Procedure A Measuremenl of NH 3 Formed by Achon of Ntnhydnn 

The mnhydnn reaction is earned out in aqueous solution at pH 2 5, 
according to the method of Van Slyke, Dillon, hlacFadjen, and Hamilton 
((4) pp 639-646), preferably \vith amounts of ammo acid yielding 1 to 1 5 
mg of ammonia mtrogen (The results to be presented nere obtained 
from analysis of reaction solutions of 1 ml volume, contaimng 50 mg of 
mnhydnn and from 50 to 100 mg of citrate buffer mivture at pH 2 5 As 
previously directed ((4) p 643), the reaction time nas 8 nimutes, unless 
otherwise noted in the expenmental part of the present paper ) 

After evolution of ammonia and carbon dioxide, the COt and traces of 
air are removed from the reaction vessel by means of suction for 2 minutes 
Before the suction tube is disconnected, the evacuated reaction vessel is 
closed by a turn of its stopper Then HjS is admitted to the vessel till 
atmosphenc pressure is restored The vessel is closed again by a turn of 
Its stopper, the generator is disconnected, and the solution is saturated vvnth 
hydrogen sulfide and the hydnndantm is precipitated by shaking vngorously 
for 4 to 5 imnutes The excess HjS is then removed from the v'essel by 
applying suction for 4 minutes or longer 

The HjS-free mixture is transferred to a 15 ml volumetnc flask, three 
washings with citrate buffer solution (50 mg of the citrate mixture of pH 
2 5m each ml of water) being used to complete the transfer The nuxture 
in the flask is diluted vvnth water to a volume of 15 ml , mixed, and then 
filtered from the hydnndantm precipitate 10 ml of filtrate are taken for 
ammonia determination by the aeration method of Van Slyke and Cullen 
(7) Either the aerated ammoma is absorbed in 25 ml of 4 pel cent bone 
acid solution and is measured by titration wath x/70 sulfunc acid, with a 
final volume of 50 ml at the end-point ((11) pp 689-690), or the ammonia is 
absorbed in 12 ml of 0 1 n sulfunc acid and measured manometncallj in 
the manner desenbed by Van Slyke, Hiller, and MacFadyen ((11) pp 
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087-688) AH the results presented m the e\penmeiital part of this paper 
uere obtained manometneally 

Procedure B Meamrement of Both the NH 3 and the CO., Formed by the 

Action of Ntnhydnn 

The leaction is the same as m Procedure A, except that a smaller sample 
is taken, enough to contain onlj-- 0 4 to 0 6 mg of carboxyl nitrogen, m 
Older to keep the CO 2 yield intlun the limits measurable at 2 ml volume 
in the manometnc apparatus After the reaction xnth ninhydnn the C0« 
IS measured as m the nmhj drm-COa method (4) The reaction vessel is 
then evacuated, filled inth h 3 'diogen sulfide, and the rest of the procedure 
tor the NH 3 determination is cairied through as m Procedure A 

EXPERIMENTAL 

Yields of Ammonia from Amino Acids and Other Substances 

The results are shoini m Table I Carboxyl nitrogen it as measured bi 
the lunhydnn-GOs method (4), ammo nitrogen by the nitrous acid method 
(6), and ammoma nitrogen bx the present method COOH-N and NHj N 
m the same sample of material were measured in sequence as described in 
Piocedure B, a different sample iias used for the measurement of ammo 
nitrogen 

Noteworthy results are the failures of jS-alamne, a glucosamine, urea, and 
hydroxyprohne to yield ammonia Among the ammo acids tested, gl} cine 
and a-alamne gave less than theoretical yields of ammoma, and the yield 
from tryptophane m as surprisingly low Of interest is the fact that lysine 
by reaction xvith mnhx drin ex'olves ammoma (as x\ ell as carbon dioxide) 
beyond 1 mole when the boiling penod at pH 1 0 exceeds 10 minutes, m 30 
minutes the yield u as 1 03 moles 

The constancy of yield of ammoma from a-alaiune under vaned condi 
tions IS shown m Table II In no instance did the addition of d alanine 
improve the yield, though analogous use of glymine and P alamne, 
purpose of preventing combination of ammoma ivith nascent aldehyde, a 
been effective in the method of Van Slyke, Hiller, and MacFadyen P 

682) for the determination of hydroxyammo acids LouenngthepH ro^ 

2 5 to 1 0 and prolonging the time of reaction also failed to change t le jie 
of ammoma from a-alamne 

Substances Shovnng Primary Amino Nitrogen Remaining after the Ntnhyd 

Reaction at pH 2 6 

Primary ammo nitrogen, in solution after the mnhydnn ’ 

estimated by raeasunng the nitrogen evolved by the nitrous act 
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Table I 

Determinahon of AminoGroups by Aiirous Acid, Ninhydnn COj, and Ninhydnn NHi 

Methods 


N dctcnnmcd per mote substance 


Substance 

NH*-Nb> 
nitrous acid 
reaction (6) 

COOHNby 
mnhydrm COj 
reaction (4) 

NHi'^ b> 
ninhydriD NHa 
reaction 


fm atoms 

tm atoms 

gm atoms 

Glycine 

1 01 

0 95 

0 86 

o-A.lanine 

1 00 

1 00 

0 90 

Trj ptophane 

1 02 i 

0 87 

0 34 

Glutamic acid 


1 00 

0 97 

Aspartic “ 


1 97 

0 98 

Arginine HCl 

0 99 

1 00 

1 00, 1 03* 

Histidine 2HC1 

0 99 

1 00 

0 99 

Ljsine 2HC1 

1 99t 

1 Olt 

1 oot 

Hj droxyproline 

0 

0 98 

0 

d Alanine 

1 00 

0 001 

0 001 

a Glucosamine HCl 

1 01 

0 

0 

Lrea 

0 13 

0 009 

0 003 


* One out of eight analyses 

t The reaction time was five times as long as standard, in order to complete the 
evolution of nitrogen from the e amino group 
t Kinhydnn reaction at pH 1 for 10 minutes 


Table II 

Constancy of Yield of Ammonia from a Alanine by Reaction with Ninhydnn under 
Vaned Expenmental Conditions 



Nmbydnn reaction 

Amho K recovered as 

pH 

Time 

Rcnarks 


2 5 

Wlfl 

10 

20 mg p alanine added be 

perunS 

91 6, 90 8, 90 6 

2 5 

10 

fore reaction 

No J3 alamne added 

90 6, 90 5, 89 6 

2 5 

10 

20 mg alanine added after 

90 8, 90 1, 88 9 

2 5 

6 

reaction but before deter 
mi nation of ammonia 

89 3 

2 S 

15 


90 0 

2 5 

20 


89 8 

1 0 

12 


89 0 

1 0 

18 


90 8 

1 0 

24 


89 3 


A correction for nitrogen et oh ed by nitrous acid from ammonia present 
lias made, it uas found that ammoma, after subjection to the nmhjdnn 

















THE USE OF LOW ENVIRONMENTAL TEMPERATURE DURING 
THE PREPARATION OF TISSUE SLICES FOR 
RESPIRATION STUDIES IN VITRO* 


Bt FREDERICK A FUHRMAN and JOHN FIELD, 2ni. 

(From the Deparlmeni of Physiology, Stanford Untverstly, California) 

(Received for pubbcation, January 19, 1944) 

The methods commonly used for the preparation of tissue shoes have, 
in many instances, involved the maintenance of the tissue at body tempera- 
ture dunng preparation (1-4) In the course of investigations on the 
effect of low enviionmental temperatures on the metabohsm of mammahan 
tissues It occurred to us that instead of attempting to maintain the tissue 
at body temperature a more rational procedure would be the preparation 
of tissue shoes at low temperatures The use of low temperature in this 
case IS based upon the hypothesis that metabohc processes should be re- 
duced to a low level dunng the time when the oxygen supply is inadequate 
to meet the demands of the tissue Such a condition of madequate supply 
prevails upon separation of an organ from its blood supply, and before 
shoes of the tissue are placed in an oxygenated medium This paper 
presents data on the oxygen consumption of rat hver, cerebral cortex, 
and kidney cortex shoes at 37 7° after these tissues have remained for 
vanous lengths of time m moist chambers at 10° and at 35° The adv antage 
of the use of low temperature dunng the preparation of kidney and hver 
slices is apparent from the data presented 

Methods 

Preparation of Slices and Measurement of Oxygen Consumption — Tissues 
from eleven well fed, adult albino rats ueighmg from 200 to 250 gm uere 
used The animals were decapitated and the organs to be used remoied 
as rapidly as possible One cerebral hemisphere, one lobe of liver, or one 
kidney was transfeired to a moist chamber maintained at 10°, and the 
remaming tissue was placed m a moist chamber at 35° The tissues 
were kept in covered Petn dishes, humidified with moist filter paper on the 
coier, dunng the penod that they remained in the chambers Tw o slices 
of each organ in each chamber were made immediately , two after 30 min- 
utes, and two more after 60 mmutes These were then weighed rapidly 
on a micro torsion balance and placed in respirometer vessels The medium 
was Ringer’s solution (5), buffered to pH 7 25 with 0 01 u phosphate and 

* Supported by grants from tbe John and Mary R Marklc Foundation and from 
the Fluid Research Fund of the Stanford University School of Medicine 
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containing 0 011 it glucose The gas phase i\as oxygen Oxygen con 
sumption "(i as determined by the direct method of Warburg in a thermostat 
at 37 7° Rates of oxygen consumption are expressed as c mm of 0. con- 
sumed per mg of initial drj' -weight (determined on aliquots) per hour 
(QO 2 ) The preparation of brain slices has been described prenoush (4) 
Shces of ladnej cortex -were prepared -with a modified Terry microtome 
(6), and shces of liver Mith the instrument described by Martin (7) 
Construction of Moist Chambers — ^The cold moist chamber nas a rec 
tangular glass andvood box approximately 24 inches deep, 30 inches wide, 



Fig 1 Oxygen consumption of slices of rat kidney cortex, cerebral cortex, and 
liver at 37 7° following preparation and maintenance m warm and cold chambers at 
10° and 35° Solid lines, tissue prepared and maintained at 10°, broken lines, tissue 
prepared and maintained at 35° 

15 mches high in the back, and 10 inches high in front The sloping top 
■was of glass The front -was designed to admit the hands through holes 
covered -with rubber flaps The -whole box was i\ell illuminated bj flu- 
orescent lamps placed behind a frosted glass plate which formed the bac 
of the box The chamber was cooled by a refngerated coil placed ® 

top and back of the box The atmosphere v as kept nearly saturate y 

means of cold distilled water which dnpped over a gauze inck throug 
which air was circulated by a small fan A heatmg coil and 
were mcluded so that a defimte temperature could be mamtamw^ 
warm chamber ivas similarly constructed except that heating an sa 
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tion of the atmospheie ■\\eie attained by means of a beaker of nater on a 
thermostatically controlled electnc plate (cf (8)) 

Results 

A companson of the oxygen consumption of tissue slices made as soon 
as possible and after 30 and 60 minutes respectively in the cold and warm 
chambers is shown m Fig 1 Each point for kidnej' and brain represents 


Table I 

Oxygen Consumption of Rat Liier Slices at S7 7° after Various Periods at High and Low 
Environmental Temperatures 

Medium, Ringer phosphate glucose, pH 7 25 The liver was removed as rapidly 
as possible and plaeed in moist chambers saturated with water vapor, one of which 
was maintained at 10° and the other at 35° Duplicate samples from each chamber 
were taken immediately and after 30 and 60 minutes for determination of 00 


Chamber 

temperature 

Aoimal No 

00) at 37 7 

Immediate 

30 mm 

60 nun 

C 





10 

1 

7 66 

7 23 

6 20 


2 

5 77 

5 85 

5 75 


3 

8 03 

7 57 

7 61 


4 

7 37 

6 SO 

6 96 


5 

8 15 

8 06 

7 94 

Mean 

7 40 

7 10 

6 89 

35 

1 

7 22 


4 09 


2 

5 53 


4 40 


3 

7 89 

6 47 

3 66 


4 

7 32 

5 34 

4 90 


5 

S 02 

7 41 

5 66 

Mean 

7 20 

6 16 

4 54 

p 

0 05 

0 01 

0 01 


* Mean QOi of duplicate samples from one animal 


the mean QOi of duplicate samples from three animals, while each point 
for liver represents the mean QOi of duplicate samples from fit e animals 
It IS clear from Fig 1 that the QOz at 37 7° of kidney cortex and hv er slices 
was lower if they were mamtamed near body temperature before being 
shced In contrast, if the tissue was maintained for 60 imnutes in the 
chamber at 10°, the subsequently determined QO. m the case of kidnej w as 
not lower than the imtial rate and only about 7 per cent lower in the case 
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of liver The final QOa of brain, however, decreased on standing in eitlier 
chamber Under these conditions the lates of oxygen consumption ob 
served after vmiying periods in either chamber weie steady states for all 
three tissues 

The data for hver are given in Table I The difference between the 
QO 2 of liver shced immediatel} in the warm and cold chambers may be 
sigmficant (P = 0 05), while the difference after 30 or GO minutes is signifi 
cant (P == 0 01) (method of paired diffeiences (9)) The data for kidnei 
were not sufficient to permit statistical anal} sis, but it appears tiiat the 
differences showm in Fig 1 for this tissue are also leliable 

Determinations of water content were made on aliquots of hver which 
had remained in each moist chamber for 60 nunutes The mean per 
centage dry weight of livmr from the cold chambei was 29 15 (duplicate 
samples from five animals), w hile that from the warm chamber was 28 91 
per cent The difference between these mean values is not significant 
(P = 0 1) 

DISCUSSION 

^'\^len tissues from homothermal ammals vv ere first studied tn vitro, some 
investigators w'ere concerned with the consequences of the sudden re 
duction of temperatuie of the tissue upon removml from the bod}, and 
■efore transfer to a thermostat at body temperature This was perhaps 
first clearly stated by Bass (10) We have, however, shown that slices 
of rat brain and ladnev cortex can be cooled rapid!}’’ to 0 2°, maintained at 
this levml for 1 hour, and returned to 37 7° without loss of respiratorj' o’" 
glycolytic capacit} (11) It thus appears that sudden cooling produces 
no tissue injur}’’, if capacity for respiration and gl} colysis be the cnteria, 
provided that the temperature remains above 0° (c/ (12-14)) The re 
suits presented here indicate that the respirator}^ capacit} of liver and kid 
ney tissue is m fact better mamtained if the tissue is cooled dunng the 
penod in w^hich the oxygen supply is inadequate 

In the case of brain the decrease in QO 2 was no more marked m the warm 
chamber than in the cold chamber A possible ex-planation for this ma} 
be found in the low carboh} drate content of nerv'ous tissue (15), and in 
its dependence on carboh} drate for substrate (c/ (16)) The stored car 0 
hydrate supply may be exhausted dunng the tune required for remova 0 
the brain and for it to attam the temperature of the cold chamber > 
colysis could not occur under these conditions because of lack of subs ro e, 
and respiration is hmited by insufficient oxygen supply The ac 0 
energy-}aeldmg reactions in the tissue may then result in 
damage to the respirator}' mechanisms This is in agreement wi 
data of Warburg, Wind, and Negelein (17) who reported that m 01 
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to destroy tumor cells through lack of energy it is necessary to deprive 
them of both glucose and oxj gen In the case of liver and kidney, carbo- 
hydrate storage and the ability to metabohze non-carbohydrate substrate 
may be sufficient to account for the better mamtenance of QO 2 at 10°, 
whereas these mechanisms may be inadequate at 35° Unpubhshed n ork in 
this laboratory has shoun that there is irreversible decrease in the capacit 3 ' 
for respiration when brain slices are exposed to temperatuies higher than 
41°, even though the ox 3 'gen supply is adequate Such nreversible changes, 
however, do not occur at 35° if the oxygen supply is maintained 

Expenments in which viabilit 3 of tissue has been determined after main- 
tenance at high and low enwronmental tempeiatures (c/ (18, 19)) have 
demonstrated the advantage of low temperature under different conditions 
from those repoited here Recent investigations have demonstrated the 
better survival of ischemic tissues at low environmental temperatures 
(20-22) The results obtained m this investigation ai e entirely consistent 
with the view that, under circumstances in which oxygen supply to a tissue 
is inadequate to meet the metabolic demands of the tissue, in]ur 3 is pre- 
vented by a i eduction in tissue metabohsm, which may be accomplished 
by a reduction in temperature 


SDMMARX 

The oxygen consumption of shces of rat ceiebral cortex, kidney cortex, 
and liver was determmed at 37 7° after the tissue had been prepared m 
moist chambers maintained at 10° and at 35° In the case of hver and 
kidney the QO 2 of slices taken as soon as possible and after 30 and 60 min- 
utes was lower if the tissue vv as kept in the warm chamber than if it w as 
kept m the cold chamber In the case of brain the QOz was not influenced 
by the temperature of the chamber in which it was mam tamed and pre- 
pared The data for liver and kidney are consistent with the h 3 pothesis 
that under conditions of inadequate oxygen supply tissue in]ur 3 ' is pre- 
vented by a reduction of the metabohsm of the tissue through a reduction 
in temperature 
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POTASSIUM AND CALCIUM IN EPIDERMAL CARCINOGENESIS 
INDUCED BY METHYLCHOLANTHRENE* 

Br V SUNTZEFF and CHRISTOPHER CARRUTHERS 

(From the Research Department of the Barnard Free Shn and Cancer Hospital^ and the 

Department of Anatomy, Washington University School of Medicine, St Louis) 

(Received for publication, March 3, 1!)44) 

In our integrated progiam on epidermal caicinogenesis in mice, due to 
methylcholanthrene, studies on the effect of methylchohnthrene upon the 
fixed alkalies, ascoibic acid, and iron of normal, benzene-treated, and 
methylcholanthrene-tveated epidermis have been reported (1) These 
investigations sho^^ed that a single application of the carcinogen reduced 
within 10 days the epidermal iron and calcium content to 50 per cent of 
the normal Multiple treatments of the epidermis noth the carcinogen 
on alternate dajs for 60 days induced a further Ion enng in the iron content, 
but did not appreciably affect the calcium diminution produced by one 
application On the other hand potassium, sodium, magnesium, and 
ascorbic acid were not significantly altered by a single or by prolonged 
treatment of the epidermis mth the carcinogen The extent to ^\hlch 
the C3Tologicai, chemical, and phjsical studies in our program of epidermal 
carcinogenesis have been integrated is given in a idsum6 bj' Condr^ (2) 

The next step uas to determine the mineral content of a carcinoma de- 
rived fiom mouse epideimis The chemical analysis of the tumor cells 
alone is beset uith difficulties because of the extent of necrosis, keratmiza- 
tion, and because of the amount of blood present The use of methjl- 
cholanthrene-induced (spontaneous) tumors of the skin is inadequate for 
analjsis, because the tumors induced varj''in then degree of keratinization, 
differentiation, and neciosis, uhich would make difficult the sampling 
of tumors of a more oi less constant cheimcal composition Therefore wc 
chose to use a transplantable squamous coll cai cinoma onginallj produced 
in the epidermis of a Swiss mouse by the application of methj Icholanthrene 

EXri-niMENTAL 

The methods foi the determination of calcium (3), potassium (1), and 
of nucleoprotein phosplioius (4), the basis of reference, haxe been gixen 
The tumors were freed from adJieiing blood and connectn c tissue and then 
cut into small pieces and mixed before sampling In the case of potassium 
it was necessary to determine the iron content of a portion of the sample 

* This investigation was aided bj grants from The Intcrnatioinl Cancer Research 
Foundation and the National Cancer Institute 
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to ascertain the amount of potassium m the tumor due to the presence of 
blood This uas unnecessan for calcium, as the estimation of the hemo 
globin content of man5 tumors shon ed that blood calcium of the tumor « as 
msignificant 

The authors are mdebted to Di Z Cooper' for the caicinoma i\ Inch had 
passed through fifteen transplants During the time m ulnch our chemical 
analj’ses have been undertaken the carcinoma has passed through ten more 
transplants and its characteristics haie remamed practicall} constant, 
bemg a differentiated squamous cell carcinoma uith peail formation B\ 
using a portion of the tumor sample for the determination of iron, it is easi 
to estimate the percentage of a particular metal m the tumor due to the 
presence of blood The effect of necrosis on the imneral composition of 
tumors has long been knovm (5), and the importance of iigoroush e\cluding 
this matenal from tumoi-s m order to obtain tlie composition of tumor cclb 
alone is discussed below and summanzed in Table I 

Calcixim — ^The results for the calcium analj'ses are expressed as mg of 
calcium and mg of nucleoprotein phosphorus (NPP) per 100 mg of tissue, 
and by the ratio Ca NPP X 10 The calcium content of laige tumors, 
freed of all gross necrotic matenal, varied from 0 038 to 0 045 mg per 100 
mg of tumor (aierage 0 042), and the Ca NPP ratio was 3 42 Then 
smaller tumors (about 15 mm in diameter) which were cleaned of neciotic 
tissue vasible to the naked eje were emplojed The calcium content 
varied from 0 025 to 0 033 mg per 100 mg (av erage 0 029), with a Ca NPP 
ratio of 2 42 Still smallei tumors (about 10 mm in diameter) had a 
calcium content of 0 015 to 0 024 mg per 100 mg (average 0 019) and a 
Ca NPP ratio of 1 58, which was about the same as that of hjiierplastic 
epidermis A small piece of each tumor analyzed was fixed and examined 
microscopicallj for necrotic tissue to ascertam the relationship betnecn 
necrosis and calcium content The latter inci eased with the amount of 
degenerating tissue Even the smaller tumors showed foci of necrosi', 
although they appeared grosslj quite sohd after removal To test the 
relationship between the calcium content and necrosis further,^Jargc 
necrotic tumors were analv zed and were found to be verv nch (OOii nig 
per 100 mg ) m this metal, an observation noted bj man} (5) pro' 'O”' 
investigators 

Smee the calcium content v aried directl} with the amount of 
tissue, and smee minute amounts of the latter considerabl} affect 
calcium content, vmr} small tumors (5 to 8 mm m diameter) were e^^ 
ployed These were sohd, and nucroscopicall} showed htt e, i n 
necrotic residues Eight to tw eNe tumors were used for a sing e ^ 

The calcium content v aned from 0 007 to 0 013 mg per 100 mg (av 

1 Cooper, Z K , Ferminger, H I , and Reiter, H C , manuscript m preps 
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®009^oftumor « ^ ^^^^rjTBEns 

sf’out 50 per cenf T'^ “ Ca 2^pp . 

“ »“ “‘ tte of f » (Tabfe 

«ofe the 


i-argeandaecrot.c 

^reed of fl?i ^ 

erotic tissue ‘ I 

About 7^ w,^ 

freed of gross I 

®‘'e. fauf shnu ‘'®- / 

Acrrs"^ '“'" 

freed of gross ‘^'«'«eter, / j. 

foci of 1 aa f®" eeniore 
cally “reroscopi. / 



^;«"a/epidcni.is 


~^!!!!!lf^ 8 es) 


IS 


0 012 
0 013 
0 OOS 
0 OOS 

0 oor 
0 009 
0 OOS 
0 007 
0 009 


0 133 
0 12-1 
0 096 
0 096 
0 123 
0 123 
0 133 
0 133 
0 120 
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Slum, it IS necessary to coirect for the amount of this metal present in 
tumors as blood potassium To do this the potassium and iron content of 
mouse whole blood w as determmed as follows The tail of a mouse was tept 
in w arm w ater for a few minutes to dilate the blood vessels, wiped di^ , and 
the end of the tail was cut wuth a sharp razor blade The drops of blood 
(about 100 mg ) were allowed to fall mto a glass-stoppered weighing bottle 
containmg about 1 cc of distilled water (to lake the blood) which had been 
previously weighed The mcrease m weight gave the amount of blood 
present The entire contents of the weighing bottle were rinsed into a 
silica crucible to which was added 1 diop of concentrated H*S0< The 
crucible contents were heated to dryness on a steam bath and ashed 
completely at 450° 

Eight samples of mouse whole blood contained an average of 0 253 mg of 
potassium per 100 mg of blood, and eleven samples an a\erage of 0047 
mg of iron per 100 mg Assummg that nearly all of the iron in the tumors 
IS from hemoglobin, from the amount of the foimer pei 100 mg of an) 

Table III 


Effect of Necrosis upon Potasstum-Nuclcoprolcin Phosphorus Ratio of Carcinoma 


Carcinoma 

Average ! 
Kper 
100 mg 

A\erage | 
Feper 
100 mg 

Average ' 
bloc^K 1 
per 100 1 
mg 1 

Average 
k per 
100 mg 1 
corrected 1 

Average 
NPP per 
too rag 

K Npr 


mg 

y 





Moderate necrosis (7 analjses) 

0 286 

2 0 





Extensive necrosis (7 analjses) 

0 275 

2 0 


lil 


1 01 


tumor it IS easy to calculate the amount of whole blood piesent and from 
the latter the potassium content to give the corrected value Therefore 
on such a tumor or pool of tumors three detenninations were earned out, 
nucleoprotein phosphorus, potassium, and iron 

Although the potassium content of the carcinoma was not affected as 
much by the presence of neciotic material as was the calcium, neverthel^ 
the influence w as demonstrable Moreover the high concentration of b o 
potassium necessitated its determination in the carcinoma in order to ge 
the true value for the tumor cells alone The results for tumors in 
necrosis are shown in Table III, and are expressed in the same 
for calcium except that the K NPP ratio was not multiphed b 3 ' 1 
values given below were corrected for potassium in the tumors due o 
presence of blood The tumors having a moderate amount onccro^ 
contamed 0 276 mg of K (average) per 100 mg and had a K ^ ' j 

2 09, while those mth more extensive necrosis had 0 264 mg of v (av 
per 100 mg and a ratio of 1 91, which w'as 28 per cent less than norm 


I 
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hj-perplastic epidermis The potassium content decreases and the calcium 
content increases mth the amount of degenerative tissue present in the 
tumor 

The small solid tumors nhich showed little, if any, necrosis (Table 1^0 
microscopically contained 0 313 mg of K per 100 mg (average) and had a 
K NPP ratio of 2 24 Eight to twelve of these tumors were employed for 
a single analysis The K NPP ratio of the small tumors was about 16 per 

Table IV 


Potasstum-NucUoprolein Phosphorus Ratio in Epidermal 
Melhylcholanthrene Carcinogenesis 


Tissue 

No oI 

1 &Qftl>'SeS 

[ 

1 K per , 
' 100 mg 
tissue 

Fc per I 
100 mg 
tissue 


Kper too 

mg tissue 
corrected ; 

NPP per 

too mg 
tissue 

K NPP 


1 


7 

«r 




Normal epidermis 

4 

0 345 




0 129 

2 68 

Benzene- treated 

4 

1 0 351 I 




0 134 

2 62 

epidermis 








Methylcbolantbrene- 

19 

! 0 346 


1 


0 130 

2 66 

treated epidermis 








Carcinoma, solid, 


0 363 

2 3 

0 012 

0 351 

0 149 

2 35 

about 5-8 mm in 


0 3U 

2 7 

0 015 

0 296 

0 134 

2 21 

diameter with lit- 


0 326 

2 7 

0 015 

0 311 

0 134 

2 32 

tie if any, necrosis 


0 330 

2 7 

0 015 

0 315 

0 140 

2 25 



0 336 

2 7 

0 015 

0 321 

0 140 

2 29 



: 0 325 

2 3 

0 012 

0 313 

0 137 

2 28 



0 314 

2 3 

0 012 

0 302 

0 137 

2 20 



0 334 

2 1 

0 on 

0 323 

0 IS2 

2 12 



0 324 

2 3 

0 012 

0 312 

0 141 

2 21 



0 329 

2 3 

' 0 012 

0 317 

' 0 141 

2 24 



0 313 

I 7 

0 009 

0 304 

1 0 138 

1 2 20 



0 311 

I 7 

1 0 009 

0 302 

0 13S 

1 2 19 



0 335 


0 013 

0 322 

0 143 

2 25 



0 317 


1 0 013 

0 304 

0 143 

2 12 



0 312 


0 012 

0 300 

0 125 

2 40 

Average (15 anal- 


0 325 


1 

0 313 

! 0 139 

! 2 25 

jses) 


1 


i 


! 



cent less than that of normal and hyperplastic epidermis and 8 per cent 
higher than that of the necrotic tumors The amount of blood potassium 
in all the tumors, necrotic or solid, averaged about 4 per cent of the total 

DISCUSSION 

These studies demonstrate that chemical analjses of tumors, at least 
for the mmerals, are without sigmficance unless the factors of necrosis, 
blood supply, and size are considered Even when the gross necrotic tissue 
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of large tumors is carefully cleaned out (leaiung only the vnable penpher\) 
microscopically there are sufEcient foci of degenerating tissue, or penetn 
tion of the latter around the hving tumor cells, to afltect the calcium content 
considerably and to a less extent the potassium content 

In a comprehensive review on the r61e of the fixed alkalies m cancer. 
Shear (5) stated “that much confusion exists as regards the role in cancer 
of the commonly occumng constituents, sodium, potassium, calcium, and 
magnesium ” Although there u as better agreement as regards the dis 
tnbution of calcium and potassium m tumors, i e that rapidh growing 
tumors contamed more potassium and less calcium. Shear pointed out that 
even these results could not be accepted without further im estigation 
The studies on these metals m the caremoma reported m this paper dem 
onstrate that even small foci of necrosis can affect considerablj the calcium 
content, and to a less extent the potassium content The latter present 
as blood m the tumors must be determmed to obtam the true \ alue for the 
tumor cells alone Pronded care is taken in the saniphng of the turnon, 
our studies, at least for the rapidly growing carcinoma used, reieal that 
the tumor cells are deficient in calcium and contain less potassium than do 
normal and hyperplastic epidermis 

These studies shoii that the process of epidermal carcinogenesis occurs 
in two distmct phases an immediate i eduction in the calcium content of 
hjTierplastic epidermis which persists foi many ii eeks and a further diniinii 
tion when the epithelial cells have become mahgnant Although it is not 
possible to state the significance of the calcium changes, obsenations of 
others may lend importance to them According to jlAelrod, Swingle, and 
Elvehjem (7) ai adable data indicate that succinate, succinic deh 3 drogenase, 
crdochrome c, cytochrome oxidase, and oxj^gen are obhgaton component' 
of the succmoxidase system And smee Swingle, Axelrod, and Eheh]eni 

(8) have further demonstrated that calcium stimulates the succinoxidasc 
sjstem bj activating the nucleotidase of tissue cozjmase in such a manner 
that cozymase is destro 3 'ed and cannot function in the deh 3 dration o 
malate to oxalacetate, this evidence would seem to indicate either that t e 
low calcium content of tumors ivas insufficient to activate the coz 3 ina'c 
nucleotidase, or that the tumors were deficient in succmic dehidrogen^ 
That the latter enz3Tne is deficient m tumoi tissues has been demonstra « 

(9) Further study is necessary’' to deteimme the significance of * ® 
calcium and iron content of h 3 T)erplastic epideimis Perhaps the nwia^ 
ished iron content may be associated with a decrease in the amoiin 
C3rtochrome c 

Although the micro mcmeration techmque is not suitable for quan i 
analjrsis or for differentiatmg between the white ash of calcium an ^ 
nesium, or between the blmsh ash of sodium and potassium, it is use 
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qualitative uaj' to estimate an increase or decrease in thenhite ash of 
calcium or magnesium It does have the advantage of permitting one to 
locate in the cell the position of the metals Paletta, Con drj , and Liseher 
(10) found demineralization in both benign and meth 3 lcholanthrene 
hyperplasia, particularly in the distal part of the spinous laj er Scott (11) 
also reported that hyperkeratosis, narts, and human breast and skin 
carcinoma shoned much less calcium or magnesium in their cj'toplasm than 
did similar normal types Cathie (12) has postulated that an increase m 
the intranuclear ash content of calcium and magnesium is concomitant uith 
marked radiosensitmtjq radioresistance being associated inth a decrease 
in the white ash 


STJMMARI 

The role ot potassium and calcium in epidermal carcinogenesis induced bj 
methjdcholanthiene is discussed The lapidl}' groinng tiansplantable 
carcinoma used in these studies iias found to contain much less calcium 
than hyperplastic epideimis, which again has 50 pei cent less calcium than 
normal epidermis Also the potassium content of the carcinoma was about 
16 per cent less than that of nomal and hiperplastic epideimis The 
two step decrease m the calcium content leieals that the giocess ofepidei- 
mal carcinogenesis occurs in two distinct phases an immediate reduction m 
the calcium content in hyperplastic epideimis which persists at a faiilj 
constant level for many weeks and a furthei diminution when the epithelial 
cells have been transformed into cancer cells The possible significance ol 
these chemical changes is briefly summanzed Xucleoprotein jihosphonw 
was used as a basis of reference for the amount of In mg tissue in\ oh ed 
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STUDIES ON PYROGENS 

I THE ISOLATION OF PYROGENS FROM VARIOUS MICROORGANISMS 
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trial Hygiene, Inc , New York) 

(Received for publication, February 25, 1944) 

In the use of vaccines, of antibactenai and antitoxin preparations, of 
serums, plasma, and othei fluids m transfusions, reactions invoh mg high 
temperatures and chills have not infrequently been observed These reac- 
tions are ascribed to substances called pjTogens, nhich maj be pioduced 
in the growth and metabohsm of certam microorganisms In the past, the 
study of such bactenal pyiogens has been focused pnncipalh on their 
elimination from solutions used for intravenous mjections and on methods 
of testmg for their piesence The present mvestigation plans for the study 
of pyrogens as definite substances and their chemical, phjsical, and phjsi- 
oiogical properties and actions This paper presents the results obtained 
m the punfication of pyrogens from tnple vaccine {Eberlhella typhosa, 
Bacillus paratyphosus A and Bacillus paralyphosus B), Pseudomonas acru~ 
ginosa (Baallus pyocyaneus), and Proteus vulgaris, and the pjTogemc 
actions on rabbits of these substances 

The existence of pjnogens from bactenal sources uas made endent by 
Wechselraann (1) and by Hort and Penfold (2) Extensile studies by 
Seibert and her coworkers (3), Rademaker (4), Banks (5), and others put 
the problem on a firm expenmental basis The more recent work of Co 
Tui and his associates (6) mcluded a careful study of the method of testmg 
as well as methods of remonng pyrogens from solution and the punfication 
of certam pyrogen matenals 

It may be stated that the study of the chemical nature of pwogens to 
date has followed two distmct Imes This is indicated by the following 
reports Co Tm, Hope, Schnft, and Powers (7) concentrated and punfied 
the pyrogen from Eberlhella typhosa and obtained a product with 1 5 per 
cent N, 1 25 to 1 29 per cent S, 0 61 to 0 67 per cent P, and 4 2 to 4 5 per 
cent ash It w’as suggested that the product w'as of non-protem character 
The careful study of Welch, Cahery, McClosky, and Pnee (8) tentatuelj 
followed the plan that “although there is no endence to show that the 
potency of the pyrogenic substance is associated with the total nitrogen 
content, it seemed adnsable to utihze it as an mdex of the strength of 
the pjrogenic solution ” 
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STUDIES ON PITIOGENS I 


EXPERIMENTAL 

The method of carrymg out the pyrogen tests on rabbits ros uniform 
for the various products It will therefore be outlined first and the results 
obtamed in the testing of the products presented following the descnption 
of their punfication 

Method of Pyrogen Testing~M\ reagents ivere free from pyrogens The 
Mater used ivas either passed through an Ertel pyrogen-retentive filter or 
distilled (glass condenser) and then autoclaved All eqmpment used vras 
washed ivith pyrogen-free nater In the tests, smtable amounts of the 
maternal Mere dissolved so that 1 ml of the final solution per kilo of rabbit 
contained the quantity to be tested for pyrogen action m isotonic salt 
solution The temperatures of the rabbits Mere taken before injection of 
the solutions mtravenously through the margmal ear vem and at 1 hour 
intenmls thereafter for 5 hours The care of the rabbits, as well as the 
requirements and conditions for satisfactory testmg, Mas similar to that 
employed by 'Welch, Calvery, McClosky', and Pnce (8) and McClosky, 
Pnce, Van Wmkle, Welch, and Calvery (9) The rabbits neighed more 
than 1000 gm each 

Procedure for Isolation of Pyrogens from Proteus mlgans, Eberthella 
typhosa, and Pseudomonas aeruginosa — Salme suspensions of Proteus vtil 
gans Mere obtamed from Dr Co Tm, and suspensions of Eberthella typhosa 
(contaimng also paratjqjhoids A and B) and Pseudomonas pyocyaneus iiere 
furnished by the Lederle Laboratones 

2 5 hters of the sahne suspension of orgamsms containing approvunafel} 
12 X 10'“ orgamsms per ml Mere poured into 10 volumes of acetone, and 
100 ml of glacial acetic acid added to coagulate the turbid suspenaon 
The precipitate formed was alloned to settle and the sujiematant bquid 
discarded The insoluble maternal was dned in vacuo over sulfunc acid 
until free of acetone odor This Mas necessary to prevent foaming m the 
next step (If a suspension of orgamsms m the culture medium was used, 
the total sohds M'ere approximately 25 gm , owmg to protems and salts 
present m the medium *) The dry powder (10 to 25 gm ) Mas then sus 
pended m 100 ml of watertouhichSml of toluene had been added This 
suspension was heated on the steam bath for 1 to 2 daj'S, cooled to room 
temperature, placed in a Viskmg sausage casmg mth a fev drops of toluene, 
and dialyzed agamst running tap water overnight The dialj'zed 
Mas centrifuged for 2 hours at 5000 r p M m the angle centrifuge an e 
residue discarded The clear supernatant hquid (approximately 
Mas mixed Mith 10 volumes of acetone and 6 ml of glacial acetic aci " 

' In the case of dned organisms these steps can be omitted 5 to 
organisms were mixed with 100 ml of distilled water to which 3 ml of to ucn 
added, and the mixture heated on a steam bath for 1 to2daj6 
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added The precipitate formed uas separated bj centrifugation and dned 
in vacuo The yield as approximately 2 gm The dned precipitate uas 
mixed ivith 5 ml of iiater, heated on the steam bath, and centnfuged to 
remove msoluble matenal 

To the clear supernatant hqmd, 6 volumes of 95 per cent phenol (10) 
■nere added slowly ivith good stirnng, so that the precipitate wluch formed 
remamed finely divided The resulting suspension was stirred intermit- 
tently for 1 day The matenal msoluble in the phenol was separated m 
the centnfuge and the phenol extraction of the precipitate repeated sei eral 
times, with 15 ml of 95 per cent phenol the second time, 5 ml the third 
time, etc Four extractions were sufficient to free the Proteus vulgans 
pyrogen and tj^ihoid pyrogen of nitrogen compounds However, in the 
case of Pseudomonas aeruginosa, it was necessary to wash out the phenol 
from the residue wath acetone after the third phenol treatment The 
washed residue was mixed with 3 ml of water and heated on the steam 
bath Any water-insoluble matenal was removed by centnfugation The 
clear supernatant liquid was concentrated to 1 ml on the steam bath and 
the phenol treatment contmued as descnbed Six phenol treatments were 
usually reqmred to free Pseudomonas aeruginosa of mtrogen compounds 
Smce the residue (presumably carbohydrate in character) was appreciabl}' 
soluble in the phenol solution, the volumes were kept small 

After the final phenol treatment, the phenol-insoluble matenal was 
centnfuged, and most of the phenol washed out wath three 50 ml portions 
of acetone The precipitate so obtamed was dned in vacuo oier sulfunc 
acid The dned matenal was then mixed with 5 ml of w ater and heated on 
the steam bath After cooling, a few drops of toluene were added, and the 
solution dialyzed agamst 1 liter of distilled water oiemight The water 
was changed three times dunng the dialysis The resulting solution was 
slightly turbid and therefore was clanfied by centnfuging for 2 to 4 hours 
at 5000 R p M m the angle centnfuge The cleai supernatant liquid was 
stirred well dunng the slow addition of 10 xmlumes of acetone The result- 
ing turbid suspension was coagulated by the addition of 1 to 2 ml of glacial 
acetic acid The precipitate was centnfuged off, washed free of acetic acid 
with acetone, and dned in vacuo oier sulfunc acid Yield, 0 2 to 0 5 gm 

The preparations from the typhoid matenal, Proteus vulgans, and 
Pseudomonas aeruginosa contamed no nitrogen bj the sodium fusion test 
They gave no tests for sugars unless hydroh'zed bi dilute acid Calcium 
was determined quahtatively m the ash of the products b\ microscopic 
exammation (11) for the charactenstic ciystals of CaSOi 2H.0 Phos- 
phorus was determined by the method of Fiske and Subbarow (12) Dr 
D H Moore of the College of Ph5'sjcians and Surgeons, Columbia Iniier- 
sity, by the ultracentnfuge method found the molecular weight of the 
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pyrogen obtained from typhoid vaccine to be 62,000, and the matenal (o 
be homogeneous in character 


Table I 


Chemical Compoaition of Pyrogens 



Typhoid 

Pseudomonas aeruginosa 

Proteus tulgans 

! 

per cent 

per cent 

per ceitl 

c 

39 28 

38 75 

35 83 

H 

6 95 

6 53 

6 06 

N 

0 

0 

0 

P 

0 38 

2 38 

0 29 

Ash 

1 4 43 

12 18 

8 33 


Table II 


Tests mth Typhoid-Paratyphoid Preparation II 


Dosage per kilo 
rabbit 

No of rabbits 

Maximum rises m temperature 

Average rise 

ID temperature 

T 


c 

c 

0 08 

3 

0 2,0 3,0 5 

0 33 

0 23 

3 

0 3, 0 5, 0 7 

05 

0 5 

5 

0 2, 1 3, 0 4,0 6, 1 3 

0 76 

1 0 

5 

0 9,0 3, 1 0,0 3,0 7 

0 64 

1 0 

5 

1 0, 1 2, 0 9,0 4,0 4 

0 78 

1 0 

5 

0 7,0 8,0 7, 1 2, 1 C 

088 

2 0 

6 

1 2, 1 5, 1 3, 1 4, 1 3 

1 34 

2 0 

5 

1 9, 1 5, 1 1, 1 0, 1 2 

1 34 

2 0 

3 

1 7, 1 6, 1 6 

1 63 

2 5 

5 

1 0, 1 7, 1 2, 1 1, 1 4 

1 28 

3 0 

5 

1 7,1 8,1 3,1 5, 2 2 

1 70 

4 0 

4 

1 1, 1 3, 1 3, 1 2 

1 23 

10 

3 

1 5, 1 6, 1 3 

1 47 

25 

5 

2 5, 2 2, 2 2,2 0, 1 7 

2 12 

50 

5 

2 5. 2 6, 2 6, 2 7, 2 8 

2 64 

200 

1 

2 3 


300 

1 

2 4 


400 

2 

2 3, 2 5 


500 

2 

1 5 (Died), 2 6 


1000 

1 

2 6 


2000 

4 

2 3, 2 2, 1 7 (Died), 1 6 


3000 

2 

2 6, 1 7 



TjTpical analyses of the pyrogens obtamed from the three differen 
isms are shmvn m Table I For any one organism, preparations rom 
ferent lots of that organism varied somewhat in eomposition oiiw 
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vanations in the amoimte ot ash and phosphorus When calculated to an 
ash-free basis, the agreement for carbon and hydrogen for that organism 
n as quite close Atomic ratios for all three pyrogens n ere close to I carbon 
to 2 hydrogen atoms 

Rabht Tests of Pyrogen Preparations — The most complete tests nere 
earned out on the nitrogen-free material obtamed from the tj-phoid-para- 
t^^}hold vacemes The results are shown m Table II 
Some irregularities occurred in mcreased temperatures mth increasing 
quantities of pyrogens, but, in general, the relations are clear The maxi- 
mum mcrease occurred with 25 to 50 y per talo of rabbit, the temperature 
nse being about 2 5° Larger quantities did not mcrease this maximum 

Table III 


Testa with Pseudomonas aeruginosa and Proteus lulgans 


Preparation 

Dosage 
per ktio 
rabbit 

No of 
rabbits 

Maximum rises m temperature 


T 


r 

Pseudomonas aeruginosa, No II 

0 1 


0 5, 0 5 


1 0 


0 3, 0 3 


2 0 


2 1, 1 2 


5 0 


2 0, 1 6 


10 


0 9, 1 0, 1 8, 2 1, 2 2 


300 

1 

2 2 


500 

1 1 

2 6 

{i ft ti JJJ 

10 

6 

1 1, 1 S, I 7, 1 4, 1 7, 0 9 


100 

1 

1 23 

Proteus vulgaris, No II 

0 1 


0 3, 0 3 


0 5 


0 7, 0 2 


1 0 


1 2, 0 6 


2 0 


0 6, 1 1 


10 

1 2 

1 

1 2 0 

1 


Fewer rabbits were used for the higher concentrations, but results of these 
tests may be grouped Onlj occasional deaths occurred Similar results 
w ere obtamed with a different preparation Toxicity tests are not reported 
m this connection 

Results for the ammal tests of p 3 TOgens from the other sources are pre- 
sented in Table III These lesults, although few er m number, are similar 
m character to those obtamed with the tjqihoid pjTogen 

DISCUSSION 

The results presented in this paper are purely expenmental in character 
They show that the p}TOgens isolated from three different microorganisms 
when punfied did not contain nitrogen Analjses and tests indicated a 
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probable carbohydrate character It is too early to state that thej are 
pure chemical individuals The rabbit tests shoved their actne piTogea 
properties In this connection the question may be raised whether the 
amount of matenal mjected per lalo of rabbit resultmg m a maximum 
temperature nse (approximately 2 5°) would be a satisfactorj and useful 
standard for determimng pjwogen actinty 


The present study of pyrogens was mitiated in the Laboratorj of Indus 
tnal Hjgiene, Inc , in association with the Department of Organic Chemis 
try of Columbia Unn ersitj The study is under the direcbon of Dr K 
George Falk of the Laboratorj' of Industrial Hygiene, Inc , Professor John 
M Nelson of Columbia Umversity, and Professor George B Wallace of 
New York Umversitj' College of Medicine Onlj' purification of piiogens 
and their pjTogemc actions were presented m this paper The studj is 
bemg continued In the w ork so far, thanks are due Dr Co Tui of New 
York Umversit}’' College of Medicme for his adnce and suggestions based 
on extended expenence m this field. Dr AV G Malcolm of the Lederlc 
Laboratones, Inc , for supplnng much of the initial matenal used for the 
preparations, and Dr D H Moore of the College of Plu’sicians and 
Surgeons of Columbia Umversity for carrjing out the molecular weight 
determinations 
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METABOLISM OF PHOSPHORYLCHOLINE 


ir PARTITION OF PHOSPHORYLCHOLINE PHOSPHORUS BETWEEN 
BLOOD PHOSPHATE FRACTIONS III PARTITION OF PHOSPHORYL- 
CHOLINE PHOSPHORUS BETWEEN TISSUES IV DISTRIBUTION OF 
PHOSPHORYLCHOLINE PHOSPHORUS IN TISSUE LIPIDS* 

Bt RICHARD F RILEY 

(From (he Department of Biochemistry and Pharmacology, The University of Rochester 
School of Medicine and Dentistry, Rochester, New York) 

(Received for publication, Januarj 13, 19-14) 

In a recent discussion of the apphcation of labehng agents to the study 
of phospholipid metabohsm, Chaikoff (1) has pointed out the various mech- 
anisms by which phosphohpid molecules may be assembled The details 
of the biosynthetic mechanism are not known but in view of the lanous 
bonds whose formation is involved, several intermediates ha\e been sug- 
gested (2, 3) The most attractive of these from the evpenmental stand- 
point are the glycerol phosphate and nitrogen base phosphate compounds 
Several of these possibihties have already been submitted to preliminarj 
examination Chargaff and Keston (2) have shown the mcorporation of 
the phosphorus of aminoethylphosphonc acid ester in lecithin and cephalm 
of rat hver and intestine Taurog* (unpublished expenments summarized 
by Chaikoff (1)) has shoivn the incorporation m niro and tn vtvo of both 
glycerophosphate and phosphorylcholme phosphorus m liver and kidney 
phosphohpid, although the incorporation as morganic phosphate was not 
precluded m either case 

Independent consideration of the possible mechamsms of phosphohpid 
formation suggested the further investigation of phosphorjdcholme as an 
mtermediate in phosphohpid metabohsm While this nitrogen base phos- 
phate, the functional umt present in both lecithm and sphingomjehn, has 
been isolated from normal beef liver by Inukai and Nakahara (4), it is 
recogmzed that the appearance of this ester might be attnbuted to isolation 
procedures rather than to metabohc processes Accordingly, an extension 
of our information on the metabolism of phosphorj Icholine w as considered 
of value 

The present report contains data from about 80 expenmental and control 
animals The expenments were designed to follow the phosphorus from 
phosphorylchohne into the vanous blood phosphorus fractions through a 

* The substance of this paper was presented in part before the American Chemical 
Society at Pittsburgh, September, 1943 This ini estigation was supported hi a grant 
from the Nutrition Foundation; Inc , New York 
' Taurog, A , personal commumcation 
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directly on a second aliquot by the Tisdall colonmetnc adaptation (10) of 
the Embden-Fetter method 

A second aliquot of the ongmal trichloroacetic acid filtrate nas taken for 
determination of the radioactivity of the total acid-soluble phosphorus and 
a third ahquot for phosphorus analysis Colonmetnc phosphorus anah'ses 
on the blood filtrates, made after acid ashing ivith sulfunc acid, vere run in 
duplicate by the less tedious method of Kuttner and Lichtenstein (12) 

The values for specific activity of inorganic and acid-soluble phosphorus 
fractions of blood calculated for Group II are plotted against tune m Fig 1 
Results obtained on the rats of Group I, which were handled in similar 



TIME IN HOURS AFTER INTRAPERITONEAL ADMINISTRATION 

Fig 1 Specific activities of total acid-soluble and of inorganic phosphorus of biMt 
obtained from animals which received phosphorylcholine, phosphate, and phospha < 
plus choline Each point represents a single value obtained on the pooled bloo o 
three rats 


fashion, are also presented in Fig 1 All ammals of Group I received p os 
phorylcholine but data were not obtained on the total acid-soluble p os 
phorus, the animals received approximately half the amount of phosp lor) 


choline received by those m Group II , 

Corroborating these data for Groups I and II, additional 12 hour \a 
have been obtained on older animals (Groups III and IV) ^ ° „ 

fractions of Group IV are included m Table II, see also whole bio o 
Group III rats m Table III No significant differences in 
activities or peicentages of dose fed were detected in the tota 
phorus, acid-soluble, inorganic, or organic phosphorus of groups 
phosphorylcholine, phosphate, or phosphate plus cholme, respec i' 
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Specific activity values for inorganic phosphorus in Fig 1 are identical, 
Tnthm the range of evpenmental error, for all rats, whether the> received 
phosphorylcholme, phosphate, or phosphate plus chohne The same is true 
for the specific activities of acid-soluble phosphorus The spread of points 
about the 30 minute penod is probably due to small differences in the penod 
from time of injection to death The higher value for the group recemng 
phosphorus plus chohne could be attributed to a greater rate of absorption 
due to splanchnic vasodilatation resulting from parasympathetic stimula- 
tion by the chohne, an effect less maiked with an equivalent amount of 
phosphorylcholme (13) 

Further calculations based on the data presented m Fig 1 from animals 
killed 30 minutes after injection of phosphorylcholme permit tw o definite 
conclusions regardmg the metabohc fate of the ester First, rapid hydroly- 

Table II 

Specific AcUvilies of Blood Phosphorus Fractions 
All specific actmtj figures for Group IV have been corrected for the difference in 
counts administered to this group (see the fifth column of Table I) 


Subgroup (\o of rats) 

Total P (whole blood) 

Total P (icid soluble) 


mg Per 
cent 

spectjic 

oelsvfty 

per cent dose 
per ml 


tptctjic 

ocHeity 

per cent dost 
Per ml 

PCh (4) 

53 

501 


32 

557 

0 0150 

P (4) 

51 

485 


33 

634 

KMOMia 

P + Ch (3) 

49 

481 


33 

610 

mm 


Inorganic P (acid soluble) 

Organic P (acid soluble) 

PCh (4) 

4 S 

578 

0 0023 

28 

554 


P (4) 

5 5 

545 

0 0025 

28 

654 


P -f Ch (3) 

5 7 

541 

0 0026 

27 
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sis of phosphorylcholme to give inorganic phosphate accounts for a large 
fraction of the admimstered compound The high specific actmtj values 
for inorganic phosphate in the phosphoiylcholine group cannot be accounted 
for on the basis of the contaminant inoiganic phosphate received bj thc^^e 
groups (0 2 per cent of the injected count (5)), since calculation shows that 
the count in the inorganic phosphorus of the gioup saciificed 30 minutes 
after receiving phosphorj Icholme was derived from 3 6 per cent of the in- 
jected dose As alieadj pointed out, the ester is not precipitated bj the 
phosphorus reagent, and accordinglj a sizable fraction must hav e undergone 
hydrolj sis 

Second, the hj'drolysis of phosphorj Icholme is onij one of tlie ‘^evcril 
mechanisms bj which this ester is removed from the circulating blood 
From the i-adioactiv ity and phosphorus v allies for total acid-soluble and 
moiganic phosphate, it has been calculated that in the phosphorv Icholme 
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subgroup after 30 mmutes only 1 3 per cent of the radiophosphorus admin- 
istered uas present in organic form m the isolated blood Tlus must indi 
cate that a maximum of 1 3 pei cent of the administered ester remained in 
the acid-soluble blood fraction after this period Undoubtedly much less 
than 1 3 per cent existed as phosphorylchohne, as a similar calculation shons 
that 1 4 per cent of the inorganic phosphate administered to the control 
group nas present as estei phosphorus in 30 mmutes Accordingh, the 
ester must disappeai rapidlj' from the circulation, partiallj through the 
hydrolysis noted abox'e as well as by diffusion of the intact ester The 
metabohc utilization of the ester wnthout liberation of inorganic phosphate 
w ould account for a further fraction 

This marked lability in oxuo of phosphorylchohne is in sharp contrast to 
the geneinl stability of betaines tn mtro The marked stability of phos 
phorylcholine to acid, base, and oxidizing agents (14) as well as tissue and 
enzj'me preparations (3, G, 13)’ exemplifies the stability of this betaine ni 
ntra In line with our finding of a metabohc labihtj, phosphorylchohne 
has been shown to possess hpotiopic activity in h\er and the ability to 
furnish labile methyl groups (3) Since sufficient comparable data of a 
quantitative nature are lacking, the activity of the methj 1 donoi niaj be at 
tubuted to chohne freed by hydiolysis from the ester The interesting pos 
sibihty of an oxndatively coupled transfer of methyl groups fi om phosphon 1 
cholme is, how ever, consistent with the present limited information on the 
mechanism of phosphorylchohne metabolism and methyl transfer from 
cholme Thus, stepwise oxidation of phosphorylchohne through betaine 
aldehyde phosphate (I) to betaine phosphate (II) would evolve an energy 
rich phosphate, w hich by cleav age on the proper enzyme substrate might 
provide the energy source for methyl transfer Glycine, which would be 
formed thiough such a mechanism, is probably the normal demetliylation 
product of chohne (15) 

OH OH 

/■ / 

(CH,),NCHjCHi— 0P=0 -♦ (CH,),NCH,CH— 0P=0 

+ \ + I \ 

O- OH 0- 

(I) 

1 OH methyl groups 

/ 

(CH,),NCH,C— 0P=0 -» phosphoric acid 

0 o- giyon® 

fll) ___ 


• Lan, T H , and Riley , R F , unpublished observations 



K P HIIET 


541 


A complete descnption of the rate of entry of phosphoiylchohne into cir- 
culating blood and evaluation of the rate of hydrolysis to inorganic phos- 
phate, following intrapentoneal injection, wll require further data obtained 
for intervals of time less than 30 minutes From a casual mspection of Fig 
1, the hypothesis might easily be formed that the ester is rapidlj and com- 
pletely spht tn mvo However, the data presented m Fig 1, on the disap- 
pearance of blood morganic phosphate denved from phosphor} Ichohne, 
may be logically interpreted ivithout assummg total hydrolysis of the ester 
Rapid removal of the greater portion of the circulatmg phosphorylcholine 
by an organ capable of rapid hydrolysis of the ester v ould result in imtial 
mamtenance of blood morganic phosphate of high activity mthout requir- 
ing the total hydrolysis of the ester Thus, not more than 4 per cent of the 
injected phosphorylcholine phosphorus was required to provide the count 
in the blood inorganic phosphate at 30 minutes 

III Parhiwn of Phosphorylchohne Phosphonts between Tissues 

If phosphorjdchohne were not completely hydrolyzed, and promptly, 
certam organs might be expected to pick up the unhydrolyzed ester prefer- 
entially Therefore, if organs are found in which phosphorylchohne is 
picked up prefeientially as compared with the amount of inorganic phos- 
phate taken up in comparable experiments, it uould provide e\ndence for 
the supposition of incomplete hydrolysis To delmeate such tissues, phos- 
phorus distnbution uas studied on whole tissue samples of older ammals of 
Groups III and IV adimmstered phosphorylchohne, phosphate, and phos- 
phate plus chohne 

The animals of Groups III and IV were divided into subgroups, injected 
as mdicated in Table I, and placed in individual metabolism cages arranged 
for collection of urme and feces 12 hours after injection the animals Mere 
killed by exsangumation The whole blood from the indnidual rats of 
Group III was measured volumetncally and analyzed without fractionation 
The blood of animals m Group IV was handled as described for Groups I 
and II except that the blood was aspirated into sodium oxalate tubes pnor 
to tnchloroacetic acid precipitation in order that an ahquot of w hole blood 
could be obtained for total phosphorus determmation Tlie other tissues 
weie removed promptly and weighed into 50 ml beakers or 200 X 25 mm 
test-tubes foi ashing Usually the whole tissues of each animal were ashed 
repeatedly wuth fuming nitnc acid to gix e homogenous solutions which were 
measured for radioactivitj Two exceptions to this procedure were that 
the eyes from Grpup IV were pooled by subgroups to proxide sufficient 
material, and that only a lobe of the livers of Group III was ashed, the re- 
mainder being saved for the lipid analyses descnbed in Section I\ 

All analyses of tissue phosphorus, earned out in duplicate, were made on 
ahquots of the homogenous solutions used for radioactmti measurement 
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A second treatment ith sulfunc acid and superoxol was required to oxidize 
nater-soluble orgamc matenal remaimng in the partially ashed solutions, 
and to ehminate mtnc acid nhich interferes in the phosphorus detemuna 
tion of Kuttner and Lichtenstein Summanes of the percentages of the 
admimstered radioactmtv found per gm of various tissues and specific 
activities and phosphorus percentages for whole tissues calculated from 
phosphorus analyses and ladioactivity measurements are presented in Fig 
2 and Table III, respectn elj 

From the data presented m Fig 2 and Table HI, it may be noted that 
differences of large Older are not discernible betueen phosphorjdchohne, 
phosphate, and phosphate plus choline subgroups, mth the exception of the 
In ers of Group III (Table III) The differences m phosphorus percentages 



Fig 2 The percentages of administered radioactivity found per gra ofianous 

fresh tissues The values for testes and eyes are from Group IV, all others are from 
Group III A loganthmic scale has been employed on the ordinate 


found here betxveen subgroups consistent in themselves ve are inclined to 
attnbute to faulty adjustment m pH of the solutions on v hich the phospho 
rus determinations xx ere earned out Such an explanation is quite possible, 
since liver samples for each subgroup x\ere analyzed together, those of the 
subgroups at different times Since specific activities depend on thc'c 


X alues, they too are of questionable significance 

The tissues of ammals xxhich received phosphorylcholine may shon a 
‘Significant tendencx toxxardloxxei x^alues (percentage dose per gm oftis^e) 
as compared to phosphate controls (Fig 2), since retention of phosp a a i 
defimtely indicated by the excretion data summanzed m Table IF PP 
cation of Fisher’s t test (16) to these latter values indicates a high or ai" 
significance (P < 0 01) of the differences between phosphorjlohoine^a^^ 
nhosphate and between phosphoiylcholine and phosphate plus c ® 
This finding is taken as ex idence that phosphorylcholine is not comp 
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Table III 

Specific AcliviUes and Phosphorus Percentages for Whole Ttssues of Rats of Groups 

in and IV 

It should be noted that specihc activities reported for Group TV in this table are 
not directly comparable to the specific activities for Group III, but are onl 3 propor- 
tional, since Group IV received a greater number of counts per gm of rat than 
Groups I, II, and III (see Table I) 


Tissue 

Subgroup 

Average P 
(range) 

Speci6c 

actwit> 

(range) 

Tissue 

Subgroup 

Average P 
(range) 

Spea6c activity 
(range) 

Group III 

0 


per een\ 




fer ccnf 


Liver 

PCh 

0 29 

457 

Muscle 

PCh 

0 28 

133 



(0 27-0 32) 

(354-570) 



(0 25 -0 32) 

(104 -150) 


P 

0 48 

266 


P 

0 26 




(0 45-0 51) 

(233-302) 



(0 22 -0 31) 

(96 -190) 


P + Ch 

0 37 

460 



0 24 

179 



(0 31-0 37) 

(421-490) 



(0 23 -0 28) 

(155 -226) 

Intes- 

PCh 

0 28 

354 

Heart 

PCh 

0 24 

314 

tine 


(0 25-0 33) 

(263-400) 



(0 22 -0 27) 

(186 -403) 


P 

0 29 

416 


P 

0 22 

295 



(0 25-0 34) 

(355-488) 



(0 19 -0 27) 

(267 -328) 


P + Ch 

0 31 

452 


P + Ch 

0 21 

399 



(0 30-0 32) 

(439-466) 



(0 20 -0 22) 

(391 -411) 

ICidnej 

PCh 

0 32 

319 

Brain 

PCh 

0 31 

30 2 



(0 28-0 34) 

(231-402) 



(0 27 -0 35) 

(20 2- 36 6) 


P 

0 30 

270 


P 

0 33 

24 1 



(0 27-0 34) 

(223-321) 



(0 32 -0 34) 

(19 5 -28 6) 


P + Ch 

0 31 

356 


P -b Ch 

0 32 

28 6 



(0 28-0 33) 

(333-379) 



(0 30 -0 33) 

(25 3- 32 5) 

Spleen 

PCh 

0 38 

282 

Blood 

PCh 

0 046 

520 



(0 31-0 42) 

(175-458) 



(0 041-0 050) 

(447 -5S0) 


P 

0 35 

301 


P 


438 



(0 29-0 40) 

(227-382) 




(332 -527) 


P + Ch 

0 34 

449 


P + Ch 


574 



(0 31-0 37) 

(385-513) 




(548 -590) 

Group IV 

Testes 

PCh 

0 22 

135 

Ejes 

PCh 

0 12 

126 



(0 21-0 25) 

(114-159) 






P 

0 22 

104 


P 

0 12 

136 



(0 21-0 23) 

(93-IlS) 






P -b Ch 

0 22 

108 


P + Ch 

0 12 

138 



(0 20-0 24) 

(93-121) 






hj diolyzed in a bnef penod Further iv ork is in progress m an attempt to 
account for the indicated retention of phosphori Icholine phosphorus 
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No large differences m specific activities of whole tissue phosphorus v ere 
found among the major organs of rats whether they received phosphorjl- 
cholme or inorganic phosphate Conceivably, however, large differences 
might exist in specific phosphorus fractions of these tissues, and compounds 
in which phosphorylchohne exists as a moiety, i e lecithin and sphingomje 
lin, w ould be of special interest As a matter of fact, the possibility that 
phosphorjdchohne is an mtermediate in lecitlun and sphingomyelin syn 
thesis and that this important hy'pothesis could be tested by use of phos 
phorylcholine wuth radiophosphoius was the point of departure for this 
entire study Prehminary^ investigation of this possibility has been made 
These results, obtained on animals used foi studies of the partition of 
phosphorus in the blood and general tissue distnbution are presented in the 
following section 

Table IV 


Unnary and Fecal Excreiton of P’* IS Hours of ter Administration 


Subgroup 

No ofraU 

Combined urinary and fecal excretion 

Average 

1 Range 

PCh 

12 

I per cent cj total dose 
12 9 

per cent of total dost 

9 1-18 2 

P 

12 

17 4 

12 5-23 7 

P-f Ch 

9 

17 7 

14 4-23 2 


7F Disinhuiion of Phosphorylchohne Phosphorus in Tissue Lipids 

The treatment of the animals of Groups III and H'’ employed in these 
expenments has been desenbed above Tissues taken from these animals 
for isolation of lipid fractions were lemoved immediately after saenfice, 
TV eighed, and ground with sand The finely ground tissues w ere repeatedly 
extracted with alcohol-ether and then with chloroform-methanol, the 
filtered solvent extracts were vv orked up for phospholipid by the usual pro 
cedures (17-19) With the exception of the sphingomyelin samples note 
later, all phosphohpid samples were completely ashed with concentrate 
sulfunc acid pnor to counting and diluted to a known volume Aliquots o 
this solution w'ere then taken for measurement of radioactivity and dup i 
cate phosphorus analyses 

Results and discussion of the lipid expenraents are presented in 
tions w’hich deal, respectively, with the total acetone-precipitable p oy ^ 
lipid and with lecithin, cephahn, and sphingomyelin fractions obtainc ro 

plasmalogen-free phosphohpid Stained 

Total Phosphohpid — Preliimnary data for lipid phosphorus ° 

from the livers of Group III The data, summanzed m Tabic . » 
total phosphohpid 
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The specific activities and percentage doses in Table V show that the 
animals which received phosphorylchohne endence a decreased uptake of 
radiophosphorus in liver phospholipid after 12 hours as compared vuth 
those animals which received morgamc phosphate 

If total hydrolysis of the ester had occurred in a bnef penod, data from 
phosphorylchohne and phosphate plus choline subgroups should be nearlj 
identical after an extended inter\ al Partial hj drol 3 'sis, by hberatmg inor- 
ganic phosphate, would tend to obscure data mdicatii e of utilization of the 
ester in phospholipid synthesis Smce a decreased uptake of radiophos- 
phorus by hver phospholipid was found after 12 hours, we must suppose 
phosphorylchohne has produced a decreased rate of tumo% er of phospho- 
lipid phosphorus or an enhanced turnover with a consequent fall 12 hours 
after injection On the basis of evidence obtained on hver lecithin, cepha- 
hn, and sphmgomyehn fractions at 12 hours, we are inclined to attnbute the 


Table V 

Specific Aclivthes and Percentages of Dose per Gm in Total Liver Phospholipids IS 
Hours after Administration of P’* 


Subgroup 

No of \*alues averaged 

I«t\er phospholipid 
Uange) 

Per cent doK pet gm 
phospholipid (range) 

PCh 

8 

tpecijie Oihuty 

398 

1 33 

P 

6 

(318-444) 

5S2 

(1 06-1 49) 

2 20 

P -1- Ch 

5 

(495-630) 

675 

(1 SS-2 44) 

1 97 



(558-597) 

(1 90-2 05) 


12 hour differences noted in Table V to a decreased rate of turnover of hver 
phosphohpid phosphorus Further w ork is required to decide this question 
Lecithin, Cephahn, and Sphingomyelin Fractions — The total phospholipid 
obtained from livers and kidneys of animals in Group IV b\ the precipita- 
tion of crude lipid extracts with acetone was treated to remoi e plasmalogens 
bj" the method of Neuman (20) The plasmalogen-free phospholipids so 
obtained w ere dissolved in 2 to 3 ml of w arm ethj 1 alcohol After 1 2 hours 

lefngeration, the lecithin and cephahn fractions obtained in the liquid and 
solid phases, respectnelj, were made up separateh m aolumetnc flasks 
w ithout further reprecipitation Ashed aliquots of the crude lecithin and 
cephahn fractions w ere counted, and further aliquots emploi ed for the 
determination of phosphorus and choline, and also for total nitrogen when 
sufficient material w as a\ affable Choline w as determined colonmet ncalli 
os the remeckate, nitrogen bj the usual scmimicro-Kjeldahl procedure 
No attempt was made to obtain quantitatn e separations of preparations 
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recognized as containing complex mixtures of lecithins and cephalins, how- 
e\er, the percentages of chohne phosphatides in both lecithin ana cephahn 
fractions have been detenmned From radioactivity measurements of each 
“lecithin” and “cephalm” fraction and the percentages of choline phospha- 
tide in each, the specific actmties of "lecithin” phosphorus (phosphorus of 
cholme phosphatides) and the specific actmties of “cephahn” phosphorus 
(phosphorus of chohne-free phosphatides) have been calculated for each 
subgroup The similarity of N P ratios for lecithin and cephahn fractions 
of each subgroup (Table VI) mdicates that this calculation has been made 
for comparable fractions Such a procedure possesses an advantage in that 


Table VI 


Compostlton of Lecithin and Cephahn Fractions Obtained from Livers and Kidneys of 
Rats of Group IV 13 Hours after Injection of P” 


Tissue 

Subgroup 

Lipid fraction 

Lecithin* 

N P ratio 




Per cent 


Liver 

PCh 

Lecithin 

72 

1 os 


p 

<< 

71 

1 H 


P -P Ch 

<1 

78 

1 12 


PCh 

Cephahn 

40 

0 81 


P 

II 

29 

090 


P -P Ch 

11 

52 

088 

Kidney 

PCh 

Lecithin 

60 

1 17 


P 

II 

58 

1 16 


P -P Ch 

14 

56 

1 17 

if 

PCh 

Cephahn 

26 



P 

44 

25 



P -P Ch 

44 

22 



* Per cent lecithin 


mg choline X 6 5S X 100 
mg P X 25 


values obtamed do not reflect differences due to an exhaustive reprecipita 
tion with loss of the more soluble lecithin and cephalm fractions 

When sufficient matenal remained, the lecithin and cephahn fractions 
IV ere recombined and worked up for sphingomyelin This was earned out 
by evaporatmg the combined extracts to drjmess and dissohnng the residue 
in absolute methanol The sphingomj'elin w as precipitated from t e 
methanol solution by the reineckate method as modified by Hunter (19) 
The lungs of the ammals in Group IV w ere extracted as prev lousl} desen e 
and sphingomyelin isolated as the reineckate fiom the total hpid 
Reineckate preparations w ere counted directly by solution in met ano 
dioxane, 1 1 Ahquots of the counted sample were then ashed wit 
func acid for determination of phosphorus These data are summanze 
Tables VI and VII 
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From Table VII, it ma 3 '^ be seen thatphosphorylchobne phosphorus enters 
lecithin, cephahn, and sphingomyehn fractions This was anticipated in 
view of the rapid appearance of the phosphorus of phosphorylcholine m the 
inorganic phosphate of blood 

As pointed out above, partial hydrolysis of phosphorylchohne to morgamc 
phosphate would tend to obscure differences due to utihzation of phos- 
phorylcholine as contrasted with inorganic phosphate or phosphate plus 
choline, m lecithin, cephahn, and sphingomyehn sjm thesis However, 
differences might be expected m these fractions, since differences between 
subgroups were noted m lolal phospholipid m the previous experiment If 
phosphorylchohne is presumed to be an immediate precursor of lecithm or 
sphingomyehn or of both, these fractions should show higher speciffc activi- 
ties for subgroups receiving phosphorylchohne than those from ammals 
which received inorganic phosphate Actually no differences were found 

Table VII 


Specific Activilies of Lecithin, Cephahn, and Sphingomyehn of Rat Livers, Kidneys, 
and Lungs Hours after Ingechon of 


Tissue 

Subgroup 

Leatbm F j 

Cepbalm P 

Sphiagonsjeko P 

Liver 

PCh 

966 

363 

648 


P 

825 

735 

619 

1 

P + Cb 

921 

495 

593 

Kidney 

PCh 

649 

375 



P 

590 

344 



P + Ch 

551 

357 


Lung 

PCh 



3S2 


P 



371 


P -b Ch 1 



384 


The differences, contrary to expectation, appeared in the cephahn or non- 
cholme phospholipid fraction rather than in the lecithm and splungomjelin 
fractions, and here the subgroup receiving phosphorylchohne (liver) shows 
a low ei specific activity than the groups w hich received inorganic phospliatc 
This would account for the decreased uptake of total phospholipid phos- 
phorus found in the first expenment It is interesting that this depressed 
uptake IS not showm in the kidney cephahn fraction from the phosphonl- 
choline subgroup 

Chargaff and Keston (2), m tracing the utihrafion of aminoethj Iphos- 
phonc acid containing radiophosphorus in the sj’nthcsis of bodj phospha- 
tides, have found that the phosphorus of this ester hkewase appears rapidlv 
in lecithin and cephahn of both hver and intestine of the rat In their 
expenments the uptake of the phosphorus of aminocthj'lphosphonc acid 
ester in liver cephahn was relati'clj slower than in liver lecithin as com- 
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pared to their moiganic phosphate controls (21) If the depressed uptake 
evidenced in expenments mth aminoethylphosphonc acid and phosphor) 1 
choline is ascnbed to the inability of the organism to utilize the intact esters 
m heu of morgamc phosphate, the decreased uptake should be apparent m 
all phosphohpid fractions 

The depression of the uptake of phosphohpid phosphorus b\ cither 
aminoethjlphosphonc acid ester or phosphorylcholine could be ascnbed to 
a blocking of the enzyme systems involved in the estenfication bj these 
esters vhich have space-charge distnbutions similar to those present in 
ethanolamine cephahn or in lecithin However, the inhibition should he 
particularly pronounced in the lecithin fraction rather than m the cephalm 
m the case of phosphorylcholine Studies on the rate of uptake of phos 
phorylcholine phosphorus by these fractions are indicated as the next step 
m this work, and may pronde an explanation for the anomalous effect on 
the uptake of cephalm phosphorus On the basis of present e\adence, it 
appears unhkelj that phosphorylcholine functions directly, if at all, in the 
biosynthesis of lecithin or sphingomyelin 

In the light of recent eiudence (20), it w ould appear more probable that 
cephalm and perhaps lecithin and sphingomyelm are not formed directl) 
from their constituent parts but rather evolve from more labile complex 
intermediates which are in rapid equilibnura with simple precursors Be 
cause of imtial, rapidly equilibrating processes, it is qmte possible that the 
differences in specific activities of radiophosphorus of the isolated phospho- 
lipid fractions might be small, folloxving the injection of sunple precursors 
containing radiophosphorus or radioactive phosphate itself This possi 
bihty has not been ruled out in the case of phosphorylcholine, indeed, the 
rapid appearance of the phosphorus of phosphorylchohne in the morgamc 
phosphate of blood could be interpreted as indicative of such a process 
Further wmrk on this problem is in progress 

SUMMARY 

Phosphorylchohne phosphorus appears rapidly as inorganic phosphorus in 
the circulating blood of the rat followmg intrapentoneal injection of t e 
ester Simultaneously, the ester disappears rapidly from the circulation 
This labihty %n nvo is m marked contrast to the stability exhibited by t is 
betame tn mtro 

Phosphorylchohne phosphorus is excreted somewhat more slowly t n 
morgamc phosphate , how ever, the phosphorus of phosphorylcholine s m 
only small, if significant, differences m xxhole tissue distnbution as 
to inorganic phosphorus m brain, testes, blood, muscle, eyes, heart, > 
spleen, liver, and intestine , 

Preliminary exudence indicates that phosphoiydcholine inhibits e 
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over of total phospholipid m the liver The inhibition appears limited to 
the non-chohne phosphatide fraction rather than to the expected lecithin 
fraction No evidence was adduced to show that phosphorylchohne as a 
unit IS utilized in the synthesis of phospholipids 

The author vnshes to expiess his appreciation to Dr W R Bloor, Di 
Haiold C Hodge, and Di Fiances Haven for their helpful advice and in- 
terest m this work, to Misses Marlena Falkenheim and Betty Mulryan for 
technical assistance, and to Mi John Bonner for maintenance of the Geigei- 
IMullei counteis Radiophosphorus was supplied by the Massachusetts 
Institute of Technology, through the courtesy of Dr Robley Evans 
Dr Wm Neuman kindly carried out the plasmalogen separations 
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THE FATE OF METHYLCELLULOSE IN THE HUMAN 
DIGESTIVE TRACT 

By WILLABD MACHLE, FRANCIS F HEYROTH, and SYLVAN WITHERUP 

(From the Ketlenng Laboratory of Applied Physiology, College of Medicine, University 
of Cincinnati, Cincinnati) 

(Received for publication, March 3, 1944) 

Methylcellulose has recently been employed as a thickening agent m the 
pharmaceutic and food mdustnes Although it is essentially innocuous 
for animals when admmistered by vanous routes (1, 2), it appeared desirable 
to measure the extent to vhich the material can be lecovered from the 
feces after admmistration of single doses to human subjects on various diets 

Grateful acknowledgment is made to The Dow Chemical Company for 
the financial sponsorship of the investigation and foi the supply of the 
methylcellulose used 

The commercial product consists of a partially depolymenzed cellulose* 
m which on a statistical average two methyl radicals aie held m ether 
hnkage m each glucose umt (methoxyl content, 30 49 per cent, theory for 
two methoxyl groups per glucose umt, 32 63 per cent) In view of the 
possibihty of the metabolic rupture of the ethei hnkage (3), an effort was 
also made to determine w'hether absorption of methanol or its oxidation 
products occurs after the ingestion of the pioduct 

Two male adults and one 10 year-old girl were employed as subjects 
m ten expenraents The collaboration of the medical and nursmg staffs 
of the Children’s Convalescent Home m Cmcmnati, Ohio, m the study of 
the latter subject is gratefully acknowledged In each experiment, 10 gm 
of methylcellulose were given m a smgle dose except in Expenment 9, in 
which 5 gm were given The product was taken as a 5 per cent solution, 
except m one expenment m which it was eaten as a gel Following each 
dose, all fecal evacuations for from 1 to 4 weeks were dned mdividually 
and their content of methoxyl groups determmed Control samples of 
feces were found to contam vanable amounts of substances titratmg us 
methoxyl groups This made it necessary to isolate the methylcellulose 
Smce the latter is soluble m cold water but is coagulated by hot water, the 
dned samples were treated with boihng water to coagulate the methyl- 
cellulose and to remove the soluble mterfenng substances After filtra- 
tion, the methylcellulose was extracted from the residues by prolonged 
treatment with cold water, giving filtiates suitable for Zeisel detemuna- 

* Comniercial methocel is available in a variety of types mth respect to viscosity 
and molecular weights, the latter ranging from 30,000 to 150,000 
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tions In a representatu e test of the method, in nhich 6 9 gm of methil 
cellulose nere added to 22 6 gm of dned feces, 99 8 per cent w-as recoicrcd 

In the last six expenments, the methox} 1 groups extracted dunng the 
preliminary^ treatment \nth hot wafer, as well as those remaining m (he 
residues after the cold water extraction of methjlcellulose, were aUo 
determined These \alues were then compared with the mean output of 
methoxyl groups in the corresponding fecal fractions obtained dunng 
control penods in which the subjects were on sinular diets 

Hydrolysis of the methyl ester groups of pectm gi\es nse to methanol 
After a day' dunng which he ate nothing but twenty' apples, i on Felienbetg 
(4) recovered from his urine 8 7 mg of methanol, or 0 9 per cent of (he 
amount liberated from twenty similar apples by mild alkaline hydrolras 
In three of our expenments, the unne was studied for endence of the 
absorption of methanol or its oxidation products Smce methanol is but 
slowly oxidized m the body', it may' be detected m the unne for 3 or 4 daw 
following a small dose (5) Although the intermediary' oxidation product, 
formaldehy de (6), has not been detected in the unne of ammals following 
the administration of small quantities, an increased excretion of formic 
acid has been reported (7) More recently, Voit (8) stated that the use of 
a diet high in pectins increases the 24 horn unnary excretion of formic acid 
to 30 to 45 mg , the usual excretion on a mixed diet being only' 6 to 14 mg 
M erch and I\’y (9), howe\er, were unable to confirm this observation 

Methods 

Melhylcelhilose — The entire sample of feces was weighed, dned in an o\cn 
at 105°, and reweighed It was then boiled for half an hour with 10 ml of 
water per gm of dned feces to coagulate the methvlcellulose After the 
solution was filtered through a muslin cloth, the filtrate was concentnti^ 
to about 100 ml , boded, and again passed through the cloth The cloth 
together with the coagulated methy Icellulose and fecal residues was cm 

ered with about GO ml of water per gm of dned feces, and allowed to stan 

01 emight in a refrigerator The hquid was then filtered through the clot i, 
the extraction procedure repeated with 40 ml of cold water per gm o 
dned feces, and the filtrates muted (In the case of samples containing 
large amounts of methvlcellulose, the cold water extraction was again 
repeated, the third filtrate was analyzed separateK ) Small aiQOO^ 
portions (5 to 10 ml ) of the filtrates were evaporated to dryness in a 
V essel, by the aid of a current of air or carbon dioxide, following w ic 
methoxyl content was determined by' a modified volumetnc 
employ ed in the laboratones of The Dow Chemical Company ^ ^ ^ 

Since it appeared possible that traces of interfenng compoun 
moved by the hot viiter treatment might contanunate the co 
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extiact of methylcellulose, the magnitude of any error due to this cause was 
determined by applying the method to twenty-three samples of feces ob- 
tained from a subject on a normal diet 300 ml of boihng water were used 
for the first extraction Tlie mean methoxyl content was 0 013 ± 0 0006 
gm (standard deviation ±0 0049 gm , coefficient of vanabihty 38 02 per 
cent), corresponding to about 0 14 ml of thiosulfate solution consumed in 
thp analyses This amount was deducted from the volume of thiosulfate 
used in all recovery experiments but the first two, in these, a somewhat 
greater correction (0 2 ml of thiosulfate solution) was made and as a result 
these recovenes may have been slightly low 

Formic acid was determined in the unne by the method of de Eds (11), 
modified by collecting only the first liter of steam distillate and by beginmng 
its evaporation before all portions had been collected Control analjses 
m w hich 1 mg of formic acid was added to water gave a recovery of 99 8 
per cent 

IMethanol was determmed by the method of Harger (12), but the unne 
was made alkaline before distillation to avoid contarmnation of the dis- 
tillate by formic acid 


Results 

Recovery of Unaltered Methylcellulose — ^Fig 1 shows the cumulative recov- 
eiy of unaltered methylcellulose in the cold w’atei extracts of specimens of 
feces obtamed dunng the first 4 days following single 10 gm doses given to 
two adult male subjects (designated Subjects A and B in Table I) in the 
first eight experiments A 10 j'ear-old girl ingesting a diet low in pectms 
was Subject C of the last two expenments, 5 gm of methylcellulose havmg 
been given m Expenment 9, and 9 8 gm in Expenment 10 

In the last six expenments the amounts of methoxyl groups denxed from 
ingested methylcellulose and present in the hot water extracts and final 
residues were obtained by deducting from the results of the daiJj’- analyses 
of these fractions the mean daily excretion of mterfenng substances in each 
The latter amounts were previously determined by daily analyses of these 
fractions of the feces of each subject collected dunng adequate control 
penods on the various dietary regimens The data employed for these 
corrections are presented m Table I, along ivith statistical measures of then 
vanabihty In Fig 1, the recovenes of the methoxyl groups ingested as 
methylcellulose from the hot water filtrates, the recovenes in the final 
residues, and the total recoveiy of methoxyl mgested as methylcellulose 
are represented 

Excretion of Formic Acid and Methanol — Dunng a penod of several w eeks 
in which daily deternunations were made on the first mormng specimens of 
the unne of Subject C (mamtamed on a diet low m pectin), no formic acid 
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A\as found on 17 da 3 ’'s, and concentrations approximating 5 mg per liter 
ivere found on 3 dajs On three occasions considerablj' larger amounts 
nere encountered On 1 daj the concentration nas 49 mg per liter At 
one penod, on 3 successive daj^s, values of 12, 20, and 0 mg per liter acre 
found At another penod, the concentrations vere 9 G, 104, and 45 mg 
per liter and an undeternunable trace on 4 successive daj's In contrast 
to these occasional sporadic penods of increased excretion of formic a?id, 
no formic acid appeared in the unne on the morning following the adrainis 
tration of 5 gm of methylcellulose at bedtime A specimen voided at 


Table I 

Amounts of Substances Titrating As Melhoxyl in Hoi Water Extracts and in Residue 
of Feces from Subjects on Various Diets 


Diet 

Normal + 
so gm bran 

1 Sippy 

Normal 

Sippy 

I/O* 

pectin 

Subject 

A 

A 

B 

B 

C 

No of days on which samples were obtained 

24 

' 4 

24 

io 

2t 

Mean quantitj of methoxj 1 groups 
in hot filtrates per sample for 1 





ooior 

daj , gm 

0 057 


0 033 

0 0^ 

Probable error, gm 

±0 00335 

« 

±0 0018 

±0 0015 

±0 0006 

Standard deviation, gm 

1 ±0 021 

♦ 

±0 014 

±0 007 

i±oow 

Coefficient of vanabihtj , % 

' 42 34 

» 

43 12 

33 61 

37 84 

Mean quantity of methoxyl groups 
in residue per sample for 1 daj , | 


i 



0 046 

ffm 

0 357t 


0 0896 

0 046 

Probable error, gm 

±0 027 

0 

±0 0049 

±0 0027 

±0 0034 

Standard deviation, gm 

±0 189 

0 

±0 036 

±0 013 

±0 019 

Coefficient of vnriabihtj , % 

53 03 

0 

40 16 

1 27 61 

40 03 


• Average only, too few samples studied for statistical treatment 
t Value calculated from tw enty-three samples because of loss of one sample during 
analysis 


noon contamed 8 mg per liter, but none v as found in the unne of the nm 
mormng No more than 3 75 mg of formic acid vas excreted bj >5 
route dunng the first 16 hours after the methylcellulose had been ta on 
Even less, 1 85 mg , was recovered after the mgestion of 9 8 gm of me ) 
cellulose , 

Concentrations of 0 29, I 43, 00, 2 66, and 4 8 mg of formic 
hter vere found m five morning specimens of the unne of Subjec r > 
lected vlule on his customary diet After he had taken 10 gm o ^ 
cellulose at 10 p m , the first specimen on the following momng ^ 

2 00 mg per hter, and others voided 3 and 17 hours after the mgesi 
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the methylcellulose had 2 25 and 8 00 mg per hter, respectively Further 
specimens during this day u ere not analyzed, but on the followmg mormng 
the first specimen had onl} 2 00 mg per liter The shght nse found at the 
17th hour appears of httle sigmficance, smce the total amount of formic 
acid m this and all precedmg volumes of urme amounted to only 4 47 mg 
This is less than 0 1 per cent of the amount of formic acid expected (4 52 
gm ), were all of the methoxjd of the methylcellulose hberated, absorbed, 
and oxidized 



Fig 1 Accumulated recovery of methoxyl groups in the feces collected during the 
4 days follow ing the ingestion of 10 gm of methylcellulose The solid portions of the 
bars represent cold w ater filtrates , the stipOled portions, hot water filtrates , the clear 
portions, the residues Expenment 1, Subject A, on his customary diet, Evpenment 
2, milk diet, Experiment 3, customary diet + 10 gm of bran daily, Experiment 4, 
customary diet + 60 gm of bran daily , Experiment 5, repetition of Expenment 4 
after 50 gm of bran daily for a month. Experiment 6, after having returned to a milk 
diet Expenment 7, Subject B, customary diet, Expenment 8, milk diet Ex-pen 
ments 9 and 10, Subject C, low pectin diet (in Expenment 9 only 5 gm of methyl- 
cellulose were given) 

Daily deteimmations of the urinary methanol excretion u ere also made 
during the study of Subject C In. general, a nse m methanol accom- 
pamed each sporadic mcrease in urmary formic acid excretion, mcreases 
also occurred, however, on some days when no increased excretion of the 
latter could be detected Neither the 5 gm nor the 9 8 gm dose of methyl- 
cellulose was follow'ed by a urmary concentration of methanol exceeding 
values occasionally encountered during the control penods 
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DISCUSSION 

Recovery Data — Dai]j analyses of the feces made oi’er penods of 2 (o -1 
i\eeks following each dose m the first four experiments showed that mcbt 
of the methjdcellulose was ehminated withm the first 2 or 3 dais, and tint 
none could be found after the 4th da} 

Companson of the cumulative amounts recoaered at this time (Fig 1) 
shows that the mclusion of roughage in the diet tends to preicnt the 
recovery of unaltered methylcellulose WTien on a milk diet, started 3 
days before takmg the methylcellulose (Expenment 2), Subject 4 had elim 
mated 90 4 per cent of the ingested meth} Icellulose by the 4tli dai, but 
when he was on his usual diet (Expenment 1) only 76 6 per cent had ap 
peared within the correspondmg time The daily addition of 10 gm of 
Kellogg’s All-Bran (Expenment 3) had no marked effect, 75 8 per cent 
being elimmated m 3 days, but an increase to 50 gm of bran dailj (E\pen 
ment 4) decreased the recovery to 65 6 per cent After the diet high in 
roughage had been continued for about a month, a repetition (Expenment 
5) gave a recovery of but 56 6 per cent m the following 3 da\ penod 
Expenment 6, begun 4 days after a milk diet had again been substituted, 
resulted in the recoveiy of 90 8 per cent in the cold water extract, a pro- 
portion identical with that in Expenment 2 m which the same subject 
consumed the same diet 

The results were sinulai m the case of Subject B A recoien of 'CS 
per cent was obtained when the subject adhered to his usual diet (Expen 
ment 7), while being increased to 87 7 per cent (Expenment 8) when he 
took a nulk diet 

The lesults of Expenmen ts 5 to 10 indicate that the methoxwl groups 
ingested meth} Icellulose not found in the cold water extracts were clin 
mated in the hot w atei filtrates and in the final residues The 'imount 
recox ered in all three fractions in Expenments 5, 7, 8, and 9 were within 
pel cent of the amounts ingested The apparently excessne recox cr' 
m Expenment 6 is due to an undercorrection for the dady dietarj eon cn 
of substances that leacted like meth} Icellulose This occurred 
insufficient data on the excretion of mterfermg substances were 
to }neld a reliable mean for use m makmg tlus conection, onlj four samp 
haxnng been analyzed (Table I) 

The necessary corrections for mterfermg substances usuall} amoun 
from 2 to 4 per cent of the amounts of the methox}! groups gix^ as 
cellulose, and were as great as 13 per cent when a high roug age ' 
used The magnitudes of these corrections and the xmnabiht) o 
from which they were computed lessen somewhat the pje 

results on recovenes m the hot wmter filtrates and fina resi 
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recovery of methoxyl groups m these fractions withm any period of 3 or 
4 days is subject to error, therefore, m that the output of interfering sub- 
stances during this penod may have deviated from the mean output 
determmed over a much longer control period However, contmuation 
of the daily analyses in Experiments 5 and 8 for as long as 7 days did not 
alter the results matenally This source of error does not affect the 
recovery of methylcellulose from the cold water filtrates, for which no 
sigmficant corrections for interfenng substahces are reqmred 
In Experiment 10, considerable persuasion was needed to induce the 
child to dnnk the rather large volumes of dilute solution reqmred m order 
to give 9 8 gm of methylcellulose The volume was dinded mto several 
portions, and it is possible that through failure to nnse the glass after each 
portion was drunk the entire amount may not have been mgested For 
this reason, as well as because of the difficulty attendmg the accurate col- 
lection of the excreta of an immature subject, the slightly low er recovery 
m this expenment is probably of httle sigmficance 
Data regardmg the normal occurrence m feces of substances titratable 
by the Zeisel method leported m Table I do not appear to have been re- 
corded hitherto The hot water extracts of the feces of Subject B, when 
on a milk diet, contamed on the average 20 mg of such matenals The 
residues contained 2 2 times as much Data for Subject A on this diet w ere 
fewer m number but mdicated a sinular distnbution between the two 
fractions On a freely chosen diet, the amounts excreted by Subject B 
w ere greatly increased but the ratio betw een the amounts m the insoluble 
and soluble fractions was mcreased only shghtly This ratio was higher 
(4 3) m the feces of the child receiving a diet low m pectm The daily 
addition of 50 gm of bran to the diet of Subject A doubled the output m the 
hot filtrates over what it had been when the diet consisted of milk, and 
more than quadrupled the output in the residues 
Analysis of the bran by the procedure used for the analysis of feces 
indicated that the daily mtake of 50 gm contnbuted 0 158 gm of water- 
soluble methoxyl groups, an amount greater than the mcrement of 0 028 
gm found in the hot w ater filtrates as a result of the feedmg of bran It 
IS apparent, therefore, that much of the water-soluble methoxyl of the bran 
escaped recovery The soluble portion of bran consists m part of i anous 
pectins These contain varying amounts of methyl esters w hich are readiK 
hydrolyzed to methanol (8) and so are rendered available for absorption 
Effects of Diets upon Methylcellulose in Digestive Tract— The appearance 
of increased amounts of methox3 1 groups m the hot w'ater extracts following 
the admimstration of methylcellulose is probably to be interpreted as an 
indication that the macro molecules hax e been broken into smaller units no 
longer coagulable by heat ^^ffien the diet was low in roughage, onlj a 
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small percentage of the mgested dose appeared m this fraction, 2 8 per 
cent for Subject B (E\-perunent 8), and 6 5 per cent for Subject C {E\pen 
ment 10) With the mclusion of roughage, this was increased to 11 to 12 
per cent (Expenments 6 and 7) The large amount m Expenment C is 
probablj’- in error because of the paucit 3 ’^ of the data emplojed in the 
necessary correction 

The percentage of the methoxjd groups mgested as methjlcellulose iihicli 
appeared in the fecal residues uas markedly increased by the inclusion of 
roughage It amoimted to 8 to 10 per cent m the case of adults on a milL 
diet, 11 per cent on a normal diet, and 30 per cent on a high roughage diet 
The followmg expenment mdicates that the lattei high figure was not due 
solely to physical mterference mth the extraction of these residues caused 
by the presence of bran 50 gm of bran were allowed to remain for 24 
hours in a solution of 5 gm of methylcellulose in 400 ml of water Mter 
the matenal was dned, 97 6 per cent of the methylcellulose was reemered 
from the water-soluble fraction A siimlar mixture was inoculated with a 
small amount of fresh feces After standing for 2 days at room tempera 
ture, it was dned and then sepaiated into the usual fractions From the 
cold water extracts onlj' 67 7 pei cent of the methylcellulose could be 
recovered The hot water filtrate yielded 0 152 gm or verj nearlj the 
amount extractable from the bran alone (0 158 gm ) After correction 
for the contnbution made by the insoluble portion of the bran, the final 
residues con tamed 29 5 per cent of the methoxyl groups of the mctliil 
cellulose The total recovered from all fi actions was about 96 8 per cent 
That the distnbution in this expenment wms somewhat similar to that in 
Expenment 5 suggests that under ceitain circumstances bactena may e.\ert 
an action upon methylcellulose 

Excretion of Formic Acid and Methanol — The conclusion drawn from ten 
recovery expenments, that little loss of methoxjd occurs dunng the passage 
of methylcellulose through the digestue tract, inespective of the character 
of the diet consumed, found furthei confirmation in our failure to obtain 
conclusive evidence of the excretion of formic acid or of methanol Sbg ' 
increases in the unnarv concentrations of these substances did occur a er 
the ingestion of methylcellulose, but weie much less than those w c 
occurred sporadically at times when no methjdcellulose had been ta cn 
Values reported as methanol may also have included other unde 
duemg substances, smee the method emploj’’ed depended upon the ovi a 
of methanol m the distillate from the unne by potassium dichroma c 

Several attempts were made to detect an metease m the unnarj 
of formic acid or methanol followmg the ingestion of large 
pectm, but only m exceptional mstances were positive ° 

This IS m agreement with the obseiwations of Wercb and By ( / 
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STOIMARY 

1 In the human subject on norma) or )oiv roughage diets, methjdcellu- 
lose passes through the digestive tract m large part unaltered 

2 Increasing amounts of roughage in the diet tend to convert increasmg 
proportions of meth 3 'lcellulose into products of altered solubihtj' and heat 
coagulability 

3 Irrespectn e of the accompanymg diet, practically all of the methovyl 
groups of mgested methj’lcellulose can be recovered from the feces 

4 After the ingestion of large doses of methylcellulose, the amounts of 
methanol, if anj’', nhich are absorbed and e\creted as such or after ovadation 
to formic acid are less than those occasionally encountered normallj' 
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THE SYNTHESIS, SOME DERIVATIVES, AND THE METABOLISM 
OP a,T-DIILETO-n-OCTANOIC ACID 
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It IS generally believed that in the course of the biological oxidation of 
fatty acids either mono- or polyketonic acids are formed as intermediates 
precedmg the breakdown to the ketone bodies and other fragments How- 
ever, such higher ketomc acids have never been isolated from mammalian 
tissues, and only a few compounds pertaining to this situation have been 
synthesized and descnbed It is apparent that m order to determme the 
detailed mechamsm of fatty acid oxidation to the same degree which has 
been accomplished for carbohydrate metabohsm the chemistry and physi- 
ology of such hypothetical mtermediate ketomc acids must be approached 
expenmen tally 

Smce an a,-)'-diketo acid (acetopyiuvic acid) has shoivn marked metabolic 
activity m the in tnlro expenments of ICrebs and Johnson (1) and m the tn 
VIVO e\-penments of the author (2), it was decided to mvestigate the synthe- 
sis and metabolism of an 8-carbon homologue havmg the ccjy-diketo con- 
figuration, 1 e , a, 7 -diketo-n-octanoic acid Although there is no definite 
experimental reason at present to suspect the biological occurrence of 
a,y oxidation of even cham fatty acids, Jowett and Quastel (3) have pointed 
out that this mechamsm may well obtam in the case of the odd carbon acids, 
and that the possibdity of its occurrence m the case of even carbon acids 
cannot be dismissed The choice of the 8-carbon homologue w'as made, 
smce it mvited companson m biological actmty with its parent substance, 
octanoic acid, which represents the maximum effectiv e cham length for tn 
mtro w'ork (due to solubility considerations (3)) 

Smce this compound has not been previously descnbed, tlus report will 
consider first its synthesis, properties, and certam of its denvatives, studies 
on its mtestmal absorption and metabohsm will complete the report 
Synthesis, Properties, and Denvatives — Lower homologues hav e been pre- 
pared by the Cllaisen condensation of ethyl oxalate with the appropnate 
methjd ketone m the presence of sodium ethoxide, followed by sapomfica- 
tion of the ester formed (4-7) Although the \ elocity of this condensation 
dimmishes considerably with mcreasing size and complexitj of the methyl 
ketone, it was found possible to effect the condensation of methyl n-butjl 
ketone and ethyl oxalate m 60 per cent jneld bj runmng the reaction at 
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lugher temperatures and by recovenng the product as the ethjl ester, rather 
than bj' the more usual isolation of the sodium denvative, wluch m this 
case uas found to be qmte soluble m the alcohoho medium 
That the condensation of methjl n-butyl ketone uith ethjl oxalate actu 
ally took place uith the methyl group, resulting m a, 7 -diketooctanoic eater 
(I), and not yath the a-methylene group (wluch uould result in a keto-y 
acetylhexanoic ester (II)) uas demonstrated by a method successful!) 
employed by Tracy and Elderfield (8) m the case of a loner homologue 
The homogeneous ethyl ester formed in the Claisen condensation nas al 
lowed to react ivith phenylhydrazme, formmg a substituted pyrazolecar 
boxyhe ester This was saponified and the alkyl side chain oxidized 
mth alkahne permanganate If the a, 7 -diketo configuration resulted in 
the ongmal Claisen condensation, then the product of the permanganate 
oxidation should be l-phenjlpyra2ole-3,5-dicarboxyhc acid (III) (9), if the 
branched cham acid resulted, then the product of the oxidation should be 
l-phenylpyrazole-3,4,5-tncarboxyhc acid (IV) (10) Only the former 
compound could be isolated, and since the ester formed m the Claisen con 
densation was homogeneous this is proof of the a, 7 -diketooctanoicncid 
structure (see Formulas I to IV) 
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Both the ester and the free acid react with hydrazine or substituted 
h}^drazines to form pyrazole denvatives Tracy and Elderfield (8) have 
shown that when the ethyl ester of a lower homologue reacts with phenjl- 
hydrazine, two isomenc pyrazoles are formed, depending on whether the 
a- or y-carbonyl group is initially involved Only one homogeneous prod- 
uct was grossly apparent with the 8-carbon homologue w'hen semicarbazide 
or 2,4-dimtrophenylhydrazine were condensed with the free acid In the 
case of condensations of the hydrazmes with the ethyl ester homogeneous 
denvatives were isolated, but no special attempt was made to determine the 
presence of the other isomers nor to detemune the configuration of the 
isolated denvatives 

The free diketo acid w as found to be hquid at room temperature and only 
very shghtly soluble m water It formed readily soluble sodium and potas- 
sium salts The banum, magnesium, calcium, copper, lead, silver, and mer- 
cury salts were msoluble as expected The diketo acid was labile to alkali, 
decomposmg into methyl butyl ketone and oxahc acid m the presence of 
excess NaOH At pH 8 0 at 0° a 0 05 m solution showed noticeable decom- 
position m 2 days, as evidenced by the odor of methyl butyl ketone which 
developed on standmg 

The general method for the synthesis of a,7-diketo esters was employed 
m an attempt to synthesize a 20-carbon homologue A sample of he\a- 
decanone-2 (prepared by the dry distillation (11) of a mixture of the barium 
salts of acetic and marganc acids, the latter being of questionable punty) 
was condensed with ethyl oxalate in the presence of sodium ethoxide by 
using a 24 hour penod under a reflux Elementary analysis of the ester 
formed agreed with the calculated xmlues withm the error of the determina- 
tions, but a constant meltmg point could not be obtained This was prob- 
ablj due to the contammation of the ongmal marganc acid by lower and 
higher homologues which would be earned through into the final condensa- 
tion product as homologous a ,7-diketo esters The difficulties of detecting 
and removing such impunties are of course well knoivn The sjmthesis of 
higher homologues is apparently perfectly feasible by this method and rests 
only on the availabihty of the appropnate methyl ketones 

Metabolism — The expenments desenbed on the biological utilization of 
this compound are perhaps not verj' promising when considered from the 
pomt of view of in intro w ork on survivmg tissue slices The compound (in 
solution as the sodium salt) was not absorbed readily from the alimentan 
canal, nor did it affect in any w ay the basal Qoi of survivmg rat tissue slices 
It must be noted that the compound forms almost insoluble salts with cal- 
cium and magnesium and for this reason the usual Krebs-Ringer-phosphate 
buffer was substituted bj an isotonic phosphate-salme buffer That the 
compound was not freely diffusible into the slices as a probable consequence 
of this solubihty behaiioi was shown when it was found that broken cell 
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preparations, such as fine minces and homogenates, could oxidize the com 
pound, albeit slouh, uhereas the whole slice showed no extra o'Qgen up- 
take in its presence 

The compound was found to be decarboxj lated bj-^ yeast carboxylase at 
an extremely low rate, and mdeed acted as an inhibitor m pjTuiate decar 
boxjlation m the same sj'stem Anaerobic experiments with mammalian 
tissues show ed no dismutation effects as descnbed bj ISrebs and Johnson 
for pyruMC acid (12) 

The failure of the compound to be metabohzed to anj' great extent con 
trasts sharplj' with the metabohc actixit} of acetopyruxic acid, its lower 
homologue (1, 2), and maj'- indicate that it is not a normal metabolite 
However, caution must be mamtamed m this regard because the expen 
mentshax'e called attention to perhaps the greatest problem in expenmenta 
tion tn mlro on fatty acid oxidation, namelj% the technical problem of 
solubihtj , diffusion, and physical state of the hpid mx’estigated Although 
it IS known that hxnr shces oxidize endogenous 16- and 18-earbon fattj acids 
(13), those same compounds ini anably reduce the basal respiration of slice 
and cell-free preparations (14) when added to these as their shghtlj soluble 
alkali salts From these considerations, it would perhaps be presumptiie 
to rule out the possibihty of a.y-diketo intermediates on the basis of the 
exploratory w ork here reported It is qmte clear, however, that the dikcto 
acid is relativel}' inert compared to its parent substance, octanoio acid 


EXPERIMENT XL 


Synthesis and Denvaltves of a,y-Dtketooclanoic Acid 

Ethyl a ,y-Diketo~n-octanoate — ^As startmg matenal for the Claisen con 
densation, n-butyl methyl ketone xvas prepared xna the acetoacetic ester 
syntheas (15), the ethyl oxalate was an Eastman product 

To 2 42 gm of sodium dissolved in 25 ml of absolute ethanol, maintained 
at boihng temperature under a reflux, a mixture of 10 0 gm of a butjl 
methx 1 ketone and 14 6 gm of eth3d oxalate (both dned over Na SOi) was 
added dropwise with stirnng over a penod of 30 minutes After the addi 
tion was complete, the turbid mixture was refluxed for 2 hours The whole 
reaction iruxture was then poured over 100 gm of crushed ice, immediate!) 

followed by 10 ml of concentrated HjSOi The mixture was quick!) an 

thoroughly stirred, the ester collecting as an oily layer The w hole mixture 
was then extracted with benzene, the extract dned by one shaking wi 
anliydrous Na.SOi, and the benzene removed in lacuo The crude cs er 
was then distilled tn vacuo, collectmg the fraction from 120-145 at 13 nun 
The ester af ter tw o more distillations was found to boil at 138-139 at 1 
The yield of the pure product w as 55 to 60 per cent of the theoretical 
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pure ester has a yellow color, resemblmg the lower homologous ethyl esters 
m this respect No other major reaction product could be isolated 

Analysis— CioHnO, Calculated, C 69 9C, H 8 09, found, C 59 78, H 8 29 

Proof of Striiclure — The ethyl ester was first condensed ivith phenjdhv- 
drazme to yield a pyrazole denvative A mixture of 2 0 gm of the ethyl 
ester formed in the Claisen condensation, 1 3 gm of phenylhydrazine, and 
3 ml of glacial acetic acid was refluxed for 10 hours, poured on ice, and ex- 
tracted ivith ether The ether extract w'as dned over NaoSOi and the ether 
removed m vacuo No attempt was made to separate the possible isoraenc 
pjTazolecarboxyhc esters, since their simultaneous presence has no beanng 
on the final result (8) 

The residue was then saponified by refluxmg -with 1 equivalent of 1 n 
N aOH for 2 hours The mixture was filtered hot, acidified, and extracted 
with ether The extract was dned and evaporated to yield a yellow^ oil, 
which was completely soluble in dilute NaOH and insoluble in dilute HCl 

The crude acid w as then subjected to permanganate oxidation The acid 
was dissolved in a mimmum volume of 1 n NaOH and brought to boiling 
temperature under a reflux Through a dropping funnel 4 7 per cent aque- 
ous potassium permanganate was added dropwise, with continuous reflux- 
ing, until no more decolonzation took place Approximately 4 to 5 moles 
of IxMnOi were requued After 2 hours at 100°, the slight excess of KMnOi 
w^as reduced by the addition ot H 2 O 2 and the hot imxture filtei ed The clear, 
slightl> alkahne filtrate w as concentrated to a small volume and acidified 
with concentrated HCl ^tTiite needles separated on coohng The 
substance was treated with nont and recrj'Stallized to give a pure product 
havmg a meltmg pomt of 265°,‘ which was not altered on further recrystal- 
hzation The jield was 1 3 gm , or 57 per cent calculated from the onginal 
ethyl ester 

The two possible pjnazole denvatives which might result from this senes 
of reactions (see Formulas I to IV) are l-phenylpyrazoIe-3,5-dicarbox-yhc 
acid, mp 266° (9), and l-phenyIp3TazoIe-3,4,5-tncarboxyhc acid, mp 
138° (10) The obvious identity of the product obtamed with the first 
possibility was proved by sjmthesis of the former from ethyl acetopyruvate 
(9) The meltmg point of the authentic sample w as 266°, the nuxed melting 
point with the product obtained was 265° Smce the ester formed in the 
Claisen condensation was homogeneous, only one product, a,y-diketo-n- 
octanoic ester, was formed 

a ,y-Diketo-n-octanoic Acid — The free acid w as obtained by saponification 
of the ester To 50 ml of 1 0 n NaOH were added 5 gm of the ethj 1 ester 
and the mixture shaken ngorously for 3 mmutes, forrtung a slightlj turbid 

^ All meltmE points hn,\ e been corrected for stem exposure 
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5 ellow solution It as inimediatel 5 '^ acidified wnth 10 n H^Oi, jaelduig a 
turbid white emulsion which on standing and coolmg in ice water separated 
into two laj ers The lower lajer is the crude free acid, which has a melting 
point just below room temperature The lower laj'er was separated and 
extracted seieral times with small portions of warm water to remoie traces 
of oxalic acid and the ketone The free acid w as then carefully brought mto 
solution as the sodium salt by suspending it in a small quantity of w ater with 
high speed stimng and addmg dropwise 4 \ NaOH (carbonate-free) until 
solution was effected The pH should not nse above 8 in order to aioid 
hjdrohsis to oxahc acid and butjd methyl ketone The solution was then 
shaken with a small amount of nont and filtered An excess of saturated 
banum acetate solution was then added The banum salt separated as 
sbghtlj j ellow needles from dilute solutions or in an amorphous form from 
strong solutions After standmg ovenught at 0° it was filtered off, washed 
with a small volume of ice water, and allowed to dry at room temperature 
It was then washed with a verj'^ small amount of cold ether and dried o\er 
PjOs tn laciio The jields averaged 40 to 50 per cent and could be iraprm ed 
bj reworkmg the mother liquor of the banum salt and the ether washings 

/tnatysis— CuH, OgBa Calculated, Ba 28 0, found, Ba 28 4 


The free acid could not be readily puiified b^ vacuum distillation, since 
extensile decomposition usually resulted Likewise, recrystalhzation at 
low temperatures was found inconvenient although possible The banum 
salt was soluble m ether and absolute alcohol 
To obtain the free acid m solution as the neutial sodium salt (as for the 
biological expenments desenbed later) a weighed quantity of the banum 
salt w as suspended m w’ater and the equn alent amount of sodium sulfate 
solution w as added The mixture w as then homogemzed either in a Wanng 
blendoi or the dernce of Potter and Ehehjem (1C) at mtervals over the 
course of a daj The banum sulfate w as centnfuged off and the supema 
tant shaken weth acid-washed nont, filtered, neutrahzed, and made up to 


^ olume, jneldmg a clear yellow solution 
Alkaline Degradation of Free Acid — The free acid was found to undergo 
alkaline hj'drolysis to n-butyi methyl ketone and oxahc acid The free 
acid w as refluxed with 3 eqmvalents of 2 n NaOH for 2 hours Treatment 
of a portion of the neutralized mixture with a 0 1 per cent solution of 2,4 
dinitrophenjlhydrazme m 2 n HCl jielded the 2 , 4 -dinitrophcnjlh>dra 
zone of n-butyl methjd ketone, mp 106°, authentic sample, mp 106 , 

mixed m p 106° The oxahc acid formed was identified as its calcium sa 

and subsequent permanganate titration At pH 74 the sodium salt is 
stable m solution at 0° for several dajs The hjdroljmis can easdt 
detected bj the odor of the methyl butjl ketone formed 
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Copper Ethyl cc,y-Dikelo-n-oclanoate~2 gm of the purified ester -ueie dis- 
solved m 20 ml of ethanol To tins solution nas added 1 equnalent of 
cupnc acetate dissolved in the minimum requned volume of boding nater 
A dark green precipitate formed n luck w as filtered off and dried in an The 
copper denvative u as found to be soluble in oiganic solvents and u as quite 
volatile, both indications of a chelate ring stiucture It was recrj^stallized 
fiom an ethanol-iiatei mixture, jnelding daik green needles The com- 
pound melted at 135-137° aftei some discoloiation Yield, 80 per cent 

Analysis— C oHjoOsCu Cilculated, Cu 13 77, found, Cu It 00 

l-{2, 4-DtntCrophcnyl)-o(S)-l)\tCyipyrazole-S(S)-carboxyhc Ethyl Ester — 1 
gm of ethyl a, 7 -diketQoctanoate m alcoholic solution was treated with 1 
gm of 2,4 dinitrophenjlhvdiazine in 30 ml of ethanol plus 5 ml of con- 
centrated HCl A -vellon piecipitate formed immediately After the 
mixture was heated foi 30 minutes and cooled, the precipitate iias filteied 
off and washed mth ethanol and then natei It was reciystallized fiom 
ethanol, to give yelloii needles melting at 186-187° Yield, 74 per cent 

Analj/sis— Ci(HiiOrK< Calculated, C 53 05, H 5 01, found, C 52 98, H S 22 

l-{8,4-Dmttrophenyl)~5iS]~bidylpyrazole-3(S)-carboxyltc Acid — ^The so- 
dium salt of the keto acid m aqueous solution was treated mth 0 1 per cent 
2,4-dimtrophenylhydrazine in 2 N HCi, yielding a fiocculent precipitate 
composed of pale yellow needles The compound was recrystallized from 
toluene It began to decompose at 185° with volatilization and formed a 
clear melt at 204° Yield, 89 per cent 

Analysis— Cl, H»0,N, Calculated, C 50 28, H 4 22, found, C 50 22, H 4 12 

l'Carhoxajnide-5{3)-hiilylpyrasole-8{5)-carboxyhc Acid — The sodium salt 
of the keto acid m aqueous solution formed a voluminous wdiite precipitate 
in almost quantitative yield when treated with aqueous semicarbazide 
hydrochlonde This precipitate formed almost immediately m the cold or 
on slight warming, and was so insoluble it could be used as a roughly accu- 
rate gravimetnc estimate of the concentration of the acid The compound 
w as filtered off and diied in vacuo over HaSO, It w as found to be labile tr 
heat and water, as was the low'er homologue previously described (17) 
The compound was obtained analytically pure without further treatment 
Decomposition began at 80-82° and a clear melt w^as formed at 160-105° 

Analysis — C,H,jOsNj Calculated, C 61 18, H 6 20, found, C 51 10, H 0 33 

S-Butylpyrazolc-3-carboxylic Acid — This was formed bj’’ hjdrobsis of 
l-carboxamide-5-butylpyrazole-3-carboxylic acid by a method prenoiislj 
reported (17) The compound was recrystallized from water to nold 
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colorless pnsms, -fthicli melted at 166-167° after diyrng over H-SOj in 
lacuo 

InaZysis— C.HisOi'N Calculated, C 57 12, H 7 19, found, C 57 01, H 7 2S 

The compound nas also obtained from Q!, 7 -diketooctanoic acid by reac- 
tion, m aqueous medium, with, hydrazme sulfate Its identity was con- 
firmed by elementary analysis and mixed melting pomt tests 

Metabolt&m 

In these expenmen ts the sodium a, 7 -diketooctanoate employed was that 
obtained from a tnply precipitated banura salt and m most cases some made 
from the smgly precipitated barium salt was used also for companson 
There was no discernible difference m the behavior of these preparations m 
the biological expenments, mimmizmg the possibility of interference by 
trace impunties 

Absorption from Intestinal Tract — Four rats, weighmg 150 to 200 gm , 
■ft ere fasted for 24 hours and each then given 5 0 ml of 0 05 m sodium diketo- 
octanoate by stomach tube The urme and feces were collected separately 
for the next 12 hours and the animals were then sacrificed The entire 
ahmentary canal of each rat was then removed, emptied, and washed out 
with a stream of warm w ater The feces, mtestmal contents, and w asbngs 
from all four rats were then combined, homogemzed m a Wanng blendor, 
acidified, and extracted with ether A similar group of four rats w as treated 
m identical manner, 0 05 M sodium bicarbonate being substituted for the 
keto acid solution, and the feces and intestinal contents worked up in the 
same way 

The ether extracts were evaporated to dryness tn vacuo and taken up m a 
few ml of warm ethanol Saturated sodium bicarbonate solution was 
added with stirring until the solution was neutral It w^as then filtered and 
treated with an excess of sohd semicarbazide hydrochloride and sodium 
acetate 

The characteristic msoluble derivative of a, 7 -diketooctanoic acid ap- 
peared in the extract from the ammals fed the compound After standing 
at 0° for sexeral hours it was filtered off, washed with water, and dned m 
vacua Its meltmg pomt and neutrahzation equivalent (in alcohol) showed 
it to be quite pure Its weight corresponded to a recovery of 67 per cent 
of the keto acid admmisteied 

It was converted to 5-butylpyrazole-3-carboxyhc acid by boiling wit 
acid (17) and recrystaUized Mixed melting point tests proved the iden y 
of the compound 

The control extract yielded 3 to 4 mg of amorphous matenal after ^ 

ment with sermcarbazide It was soluble in excess water and was no i 
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tical OTth the denvative of «,7-diketooctaiioic acid oi that of butj 1 methj 1 
ketone, as proved bj'^ mixed melting pomt tests 

Treatment of the pooled unnes of the two gioups inth semicarbazide 
yielded no insoluble material 

The only toxic manifestation noted after administration of the diketo 
acid was a slight dianhea 

Reaction with Yeast Carboxylase — The method of Krebs and Johnson (1) 
n as used in a determination of the degree of decarbox} lation of a,T-diketo- 
octanoic acid, pyrunc acid, and an equimolecular mixiiure of the tn o bj a 
Lebedev extract of bren ers’ 3 east The compounds were tested in a final 
concentration of 0 01 11 In 4 hours only 3 per cent of the theoretical 3neld 
of CO. could be obtained from o:,7-diketooctanoic acid Pyruvic acid nas 
completely decarbox3dated in 30 minutes b3' the same preparation I^Tien 
both compounds ivere piesent together, the decaibox5’-lation of p3Timc acid 
w as inhibited 98 per cent 


Table I 

Oxidation of a,y-DiLetooclanoate by Minced and Homogenized Liver 


Temperature 38°, gae phase, air,0 2 ml of 0 05 m substrate or saline tipped into 
1 0 ml of 10 per cent suspensions of minced or homogenized liver The center u ell 
u as furnished u I thKOH Time, 1 hour 


Preparation j 

Substrate 

Oxygen uptake 



e mm 

Mince 

— 

8S 



100 

Homogenate 

— 

70 

1 

+ 

84 


Oxidation by Tissue Slices — In these expenments rat tissue shces, pre- 
pared in the usual manner (8 to 20 rag of dry tt eight) u eie equilibrated inth 
2 0 ml of phosphate-sahne buffer of pH 7 4 at 38° in Warburg t essels The 
contents of the side bulb (either sahne or 0 05 m sodium diketooctanoate) 
were then tipped in and measurements of oxygen uptake taken over a 2 
hour penod The results, expressed as Qq, values (c mm of O2 taken up per 
mg of dry tissue per hour), showed no sigmficant difference beta een control 
tissues and those m the presence of the diketo acid Either the acid is not 
oxidized by the tissues or it is unable to diffuse mto the cells The tissues 
exaimned were rat bram, liver, heart, kidne3'’, diaphragm, and testis Buf- 
fers containmg Mg++ or Ca++ precipitate the diketo acid readih , ei en from 
veiy dilute solution 

Anaerobic Expenments with Rat Inver Slices — The anaerobic dismutation 
of a-keto acids, especiaU3’’ p3Tuvic acid, to 3aeld CO. has been studied 
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e\tensi\elj b\ Ivrebs and Johnson (12) The participation of a,y 
diketooctanoic acid in such reactions was investigated with the methods 
dev eloped by the abov e authors No a\tra COj was produced anaerobi 
calh n hen the diketo acid was present alone and the jneld of CO- from pjTU- 
vate and ovalacetate nas sometimes shghtl}’" depressed by the presence of 
the dikcto acid, although the magmtude of such inhibition was near the 
inherentlj large expenmental error 

Oxidation by Broken Cell Preparations — ^Wlien the diketo acid nas meu 
bated at pH 7 4 with 10 per cent suspensions of mmced or homogemzed rat 
hv er in phosphate buffer, mvmnabl 3 a shght increase in o'lj’gen uptake o\ er 
the controls was obsen ed The mcrease was not large but was defimtely 
endence of some o\idativm activity A tj^pical av^penment is given in 
Table I 


STJMMARV 

1 The synthesis of or, 7 -diketooctanoic acid was achiev'ed by usmg an 
extension of available methods for lower homologues The structure of 
the product was demonstrated bj appropnate expenments 

2 Several denvmtives of pyrazole nature were obtained from the free 
acid and ethj 1 ester by reaction with substituted hydrazmes 

3 The degree of intestmal absorption of sodium a,7-diketooctano3te 
was found to be quite small 

4 Expenmen ts with surviving rat tissue shces show ed no evident biologi 
cal utilization of the compound, possablj' due to its low diffusibilitj into the 
shces In support of this mterpretation, it was found that broken cell 
preparations of rat liver were able to oxidize the compound at a low rate 
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ACETYL PHOSPHATE CHEMISTRY, DETERMINATION, 
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Dunng experiments ivith bactenal enzyme preparations, it was observed 
that the oxidation of pyruvate depended on the presence of phosphate (I) 
Therefore it was to be expected that intermediately a phosphor^dated com- 
pound was formed For a long time, however, we were not able to detect 
a fixation of phosphate accompanying this reaction Ex entually the possi- 
bihty xvas realized that an unusually labile compound might be formed 
Recent observation on the formation of an acyl phosphate in the course 
of fermentation (2) pointed to acetyl phosphate as a possible precursor of 
acetic acid The further study of the problem led to a demonstration, 
first, of the formation of a very labile oiganophosphate (3, 4) and, lately, 
to its identification as monoacetyl phosphate (5) 

The progress of this xxork was great! j facihtated when we had acquiied 
a more intimate knowledge of this peculiar substance, acetylphosphonc 
acid, the anhydnde of acetic acid and one of the hydroxjds of phosphonc 
acid 

CHjCOOH + HO PO(OH), - CHsCOO PO(OH), 

Our studies on the chemistry and determination of acetyl phosphate xvill 
be desenbed m detail in this paper Subsequent commumcations xvill deal 
with the biochemistry of acetyl phosphate 

Survey of Properties of Acelyl Phosphate 

It mil facihtate the understandmg of the precautions necessary foi iso- 
lation, s3mthesis, and determination of the compound if, first, its properties 
are surveyed in a general manner Considenng the fact that the configura- 
tion of acetyl phosphate is analogous to acetyl chlonde or acetic anhydnde, 
the acetyl phosphate appears remarkably stable At room temperature 
and m neutral solution its half hfe time is sex'era! hours In the frozen 
state, at —35°, solutions may be kept for weeks xxathout appieciable dete- 
noration On either side of the neutral region the stability diminishes, 
first sloxvly, then rapidly Fig 1 shows in detail the dependence of stability 
on pH, between 4 and 10 Acetate, xmronal, and ammoma buffers were 
used 

* This w ork was supported by a grant from the ConimonweaUh Fund 
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The stabJitj maximum lies distinctly on the acid side, between pH 5 
and G Accordingly, it has been our experience on handling the compound 
that acid reaction is far bettei tolerated than alkaline This is especiall} 
true for impure preparations when often an uncontrollable hhihzatwn 
occurred through contaminants The relatively great stabihti at acid 
reaction makes it possible to use, with certain precautions, tnohloroacetic 
acid for deprotemization It ma} be mentioned here that if Indrogcn 



Fig 1 Dependence of decomposition of acetyl phosphate on pH In the e\peri 
ments reproduced, in the uppermost right curve 0 5 per cent calcium chloride nas 
present, in those of the uppermost left, 0 1 per cent ammonium moljbdate had been 
added 

sulfide IS used to remot e lead or silvei ions it mvanably results m almost 
complete loss of acetj 1 phosphate 

Of practical and theoretical interest is the enormous acceleration o 
acetjl phosphate bieakdown m acid solution mth molybdate In Fig 
the rates of hjdroljsis mth 05 x mineral acid are compared mth an 
without mohbdate In plain acid the hydrol 3 'sis was followed ^ ^ 

precipitation method, w hile the curt es for molybdate m 0 5 N acid (Fis ^ 
Subbarow reagent (6)) were obtained by direct colorimetnc obsert ation o^ 
the breakdown Both procedures wall be desenbed m detail later in 
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paper From the data represented in the cur\ es the hydrolysis constants 
(tune in minutes) were calculated to be 2 78 X 10“^ m plam acid at 40°, 
and to he 3 5 X 10~^ in the Fiske-Subbarow reagent at 23° The almost 
explosive breakdown of acetyl phosphate mth the Fiske-Subbaron reagent 
is due, therefore, to the presence of moljbdic acid rather than to mere 
acidity 

This acceleration by molybdic acid is compaiable to the earher observed 
effects on creatme phosphate (7) and phosphogl3 ceryl phosphate (2) break- 
down The 1 ery general molybdate catalysis of the breakdown of oigano- 



Fig 2 Hydrolysis of natural and synthetic acetyl phosphate in 0 5 n mineral acid 
With and without molybdate 

phosphates may tentatively be attnbuted to the removal of morgamc 
phosphate by the formation of a complex ion This would be analogous 
to the acceleration, shown in Fig 2, of alkaline acyl phosphate decomposi- 
tion through calcium ions, due obiiouslj to the lemoval of morgamc phos- 
phate by precipitation 

The composite hydrolj^sis cur\ es of Fig 2 repiesent data of both natural 
and synthetic compounds The points he leasonablj close to the drawn 
ai erage curve This practical identiti of the hi di olj sis function proi ided 
at an eaily stage welcome coiToboiatiie eiidence for the identitj of the 
naturally formed compound with acetj 1 phosphate With reference to the 
natural product, the molj^bdate curve was denied from phosphate deter- 
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minations in tnchloroacetic acid extracts of Bactenum dclbruckti prepara- 
tions •nhich had been incubated mth pyruvate (4), the acid decomposition 
cun e refers to crude sih er fractions of the pnmai^'- oxidation product of 
piTuiic acid 


Determination of Acetyl Phosphate 

Principle of Method — ^\Vith the moljbdate reagent of Fiske and Sub- 
baron complete decomposition of acet}^ phosphate occurs at room tem- 
perature in less than 10 minutes (cf Fig 2) Therefore, direct colonmctn 
nelds an apparent phosphate \ alue which represents the sum of acetjl and 
inorganic phosphate and includes also creatine phosphate if present (cf 
below) To separate the labile organic and the inorgamc phosphate the 
differential solubihtj of the calcium salts is used True inorganic phos 
phate IS precipitated with alcoholic calcium chlonde solution, leaiing the 
soluble calcium acetyl phosphate in the supernatant Addition of alcohol 
IS needed to precipitate quantitatively calcium phosphate at as Ion a pH 
as S Work at a low pH is necessar3’- because, with a stronger alkaline 
taction, acetj’l phosphate is unstable especially in the presence of calcium 
on (cf Fig 1) The diffeience between apparent and true inorganic phos 
phate IS regarded as acetj 1 phosphate If necessary', acyl phosphates ma\ 
be differentiated from creatine phosphate through their labihtj to alkah 

Procedure 

Reagents — 

For Deproteimzation — 3 to 5 per cent trichloracetic acid 
For Neutralization — A mixture of 100 ml of concentrated ammonia and 
40 ml of glacial acetic acid is made up to 1 liter, and to that are added 
100 ml of 0 4 M bicarbonate solution MaUmckrodt’s ammomum “car 
bonate,” a mixture of ammomum carbamate and bicarbonate, according 
to the label, was used preferentiallj', but any bicarbonate will do 
For Phosphate Precipitation — A 3 3 per cent solution of anh) drous cal 
cium chlonde in 33 per cent ethanol 
Deproteimzation — The sum of inorgamc and acetyl phosphorus (direct 
colonmetiy = total P) per sample was usually 0 5 to 1 5 mg with 10 ^ 
100 per cent acetjl P One-twelfth of the total, or 40 to 120 y, iras used 
generallj for individual P determinations Three identically marked 15 m 
test-tubes are prepared and kept thoroughly chilled The third tube con 
tains a drop of thvmol blue The ex^ienmental samples, generallj 1 o 
2 ml , are cooled bv shaking the %’’essel in ice water for 1 to 2 minutes, an 
5 ml of ice-cold tnchloroacetic acid are added The mixture is s ^^cn 
ngorously and at once is poured over mto the first tube The 
precipitate is centrifuged in chilled centnfuge cups The use of a 
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centrifuge was found unnecessary 2 to 3 minutes centrifugation was 
found sufficient The supernatant is poured into the second tube 

Neutralization — ^Exactly 0 5 ml of trichloroacetic acid extract is trans- 
ferred (o) to the third tube for precipitation of true inorganic phosphate, 
and (5) to a volumetnc flask for direct colonmetnc deternomation To 
sample (a) the reagent for neutrahzation is added qmckly from a burette 
Local alkahmzation should be carefully avoided After the mdicator has 
changed from red to yellow, the less dangerous pH zone above 4 is reached 
The final adjustment to a grajnsh blue color, corresponding to pH 8, may 
then be earned out more leisurely Usually about 0 3 ml of reagent is 
needed The exact amount may be convemently determined beforehand 
m a blank 

Precvpitalian of Calcium Phosphate — To the neutrahzed sample, now 
about 0 8 to 1 ml , 2 5 ml of alcohobc calcium chlonde solution are added 
^^Tien the matenal is mixed, the color of the indicator usually turns more 
jellowish but should retam a bluish tinge To make the precipitate 
bulkier, especially needed if only small amounts of P are present, 0 15 ml of 
0 04 M bicarbonate solution is added dropwise The calcium precipitate, 
phosphate plus carbonate, is quickly centnfuged off 1 to 2 imnutes is 
sufficient The supernatant is decanted carefully, adhermg fluid n ashed 
off ivith 2 0 ml of the alcohohe calcium chlonde solution, and the precipi- 
tate is recentnfuged mthout stimng 

Here the procedure may be mtemipted for any length of time Up to 
this point, however, not more than 15 to 20 mmutes should be taken from 
the addition of tnchloroacetic acid 

Colorimetry — ^The calcium precipitate is dissolved mOSinl ofOSN 
hjdrochlonc acid and quantitatively brought mto a volumetnc flask of 
convenient size Phosphorus is detenmned colonmetncally by the pro- 
cedure of Fiske and Subbaron (6), with the only modification {c/ (8)) 
being that after addition of the reagents and filling up to volume all flasks 
nere submersed for 7 imnutes m a bath of 37° A parallel, direct phos- 
•V phate determmation is earned out on the second 0 5 ml , sample (b) The 
difference between directly detemuned and precipitated phosphate, the 
labile phosphate, represents acetyl phosphate 

Supplementary Remarks 

Deproteinization — It was found in prelimmary ex-penments that an acid- 
ity of below pH 1 8, just acid to cresol red, was necessarj to bnng about a 
complete precipitation of protein mth tnchloroacetic acid A 3 per cent 
trichloroacetic acid solution in the proportion described is just sufficient to 
gne this acidity, if the buffenng capacity of the sample is not extraordi- 
narily high Higher concentrations of tnchloroacetic acid ha\ e been used, 
up to 5 per cent, "mthout causing senous decomposition 



576 


ACETiT. PHOSPH.\TE 


\culrah:atton — TlnTiiol blue is lecommended as the indicator, because 
Its two color changes, at pH 3 from red to jellou and at pH 8 from jelloi\ 
to blue-])urple, just enclose the zone of greatest stabihty of acetjl phos- 
phate Red and purplish blue, therefoie, both indicate danger of decora 
position, Millie \elloM indicates comparative safet 3 ' As it is desirable to 
shorten as much as possible the exposure to the imbal Ion pH of about 1 5 , 
for a larger senes of parallel determinations a fractionated tjTie of ncu 
trahzation nas adopted Tm o-thirds of the total amount of neutralization 
reagent needed, or about 0 2 ml , is measured into the tubes vhich shall 
receu e the 0 5 ml of tnchloroacetic acid filti ate This brings the added 
fluid mstantaneouslj to a pH of around 5, with the indicator a ingiit 3 elloii 
\t this pH a short delav is not harmful , final neutrahzation to the more 
dangerous pH of 8 can be com enientlj timed 
Calcium Phosphate Precipilahon — ^Although plain calcium acetjl phos 
phate is still soluble in alcohol up to 80 per cent, a copiecipitation fie 
quenth occuis with higher alcohol concentrations when inorganic phos 
phate IS present m laiger amounts For this leason it is adiisable to keep 
the alcohol concentration low This furthermore a\ oids a contamination 
/ of this fraction with calcium salts of creatine phosphate or other organic 
phosphates w Inch are insoluble at liighei alcohol concentrations 
The accuiacv of the method obnoush' depends on the completeness of 
precipitation of calcin n phosphate within the limiting conthtions imposed 
bj the instabilitj of tlit organic phosphate With plain phosphate solu 
tion«, in the lange 0 ^ i > y per sample and upwaids, we get consistenth 
complete lecoien Fur woikatlowei lea els it is adwsable to decrease the 
\olume of the reagents lathei than the concentration of phosphate With 
trichloroacetic acid filti ates occasionalh differences were found between 
appaient and tnie phosphate of 2 to 3 per cent, the rehabilitj of which 
appeared doubtful \ difference of below 5 per cent, although it maj be of 
significance, should bo considered with due caution 

Stmidlaneous Determination of Acetyl and Creatine Phosphate 

Creatine phosphate is thoioiighh stable in alkaline solution In ai! 
current methods for if-- determination, therefore, strong!} alkaline reagents 
maj be and aie used for the separation of inorganic phosphate Since the 
strong alkali completely mineralizes acet^ 1 -bound phosphorus, acetil phte 
phate IS earned into the morgamc fiaction (cf (4)) Therefore, with both 
acetil and cieatine phosphates present, the addition of a creatine pho 
phate deteimination, iielding the sum of acetil and inorganic phosphate, 
will fiunish the tlurd lalue needed to calculate the three phosphate fne 
tions, acetil, cieatine, and inorganic phosphate 
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Direct Deierminahm of Acelyl-Boimd Phosphate 

In exchange expenmeuts with radioactive phosphate, to be descnbed m a 
subsequent communication, the determmation of acetjd-bound phosphate 
directly rather than by difference appeared desirable For this purpose 
the acetjl phosphate, nhich stajs in the supernatant of the calcium phos- 
phate precipitate, is decomposed nath strong alkali and determined as 
calcium phosphate The piocedure is earned through as descnbed The 
supernatant of the calcium precipitate, however, instead of bemg discarded, 
IS collected quantitatively Then, normal sodium hv droxide is added, a 
lolume one-tenth that of the supernatant bemg used, and the alkaline 
fluid IS kept for 15 minutes at 37° The precipitate is centnfuged off, dis- 
solved in acid, and phosphate is determined as usual 

Since creatine phosphate is stable m alkah, this method may also be used 
to distinguish between creatine and acetyl phosphate 

Direct Coloriraelnc Delerminalion 

Although the decomposition of acetyl phosphate is rather rapid in acid 
molybdate, the mineralization of acetj 1-bound phosphate mav be folloued 
colonmetncally The procedure is analogous to that used bv Eggleton 
and Eggleton (9) and Fiske and Subbarou (7) in their earlj \s ork on creatine 
phosphate Tuo volumetnc flasks are piepared m parallel, vith standard 
and experimental phosphate respectivelj' as veil as aminonaphtholsulfomc 
acid-sulfite reagent (6), and filled up to a volume just allomng space for 
subsequent addition of molvbdate reagent Moh bdate finally is added to 
both flasks simultaneous!^ and after inserting the color reading is 
started as soon as possible Omng to progressive liberation of acetj 1- 
bound phosphate, there is a color increase dunng the first feu minutes In 
this manner the decomposition uith molybdate-acid mixture uas measured 
as shown m the upper cune of Fig 2 The method allous a check, by 
direct obseiwation, upon the presence of labile organic phosphates 

Synthesis of Acetyl Phosphate 

Polyacetyl phosphates mav be obtamed easilj^ bv the reaction betueen 
V ellow tnsilv'er phosphate and acet\ I chlonde 

AgjPO* + 3CHj COCl -* (CH, CO),PO, + 3XgCl 

From polyacetyl phosphate, houever, it uas not possible to derne a 
homogeneous preparation of the biologicallv interesting mono compound 
A relatn ely labonous sjmthesis of monoacetil phosphate uas descrilied b\ 
Ljmen (10), usmg the detoui o%ei monosiKer dibenzjl phosphate uith sub- 
'jpquent elimination of the benzi 1 groups bj catalytic hi drogenation This 
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time-consunung detour has now been made unnecessary by using, instead 
of monosilier dibenzjl phosphate, monosilver dihydrogen phosphate 

AgHjPOi + CH, COCl — CH, CO HjPO, + AgCl 

Although a silver phosphate of the above composition is not knoivn as a 
■well defined compound, a mixture of 1 mole of tnsilver phosphate and 2 
moles of phosphonc acid yields wth acetyl chlonde under our conditions 
up to 70 per cent of the theoretically possible amount of monoacetyl phos 
phate Such a direct condensation may be of general use m procedures of 
an analogous character, as, for example, Con’s chemical synthesis of glu 
cose-l-phosphate (11) 

The success of this procedure depends largely on thorough cooling and 
quick mampulation A cold room is not needed, but all the vessels, fun- 
nels, and flmds used during the followmg operations have to be refngerator- 
cold, and the recemng vessels have to be kept m an ice bath 

Preparation of Monosilver Phosphate — In a 250 ml round bottom, dtj 
centnfuge bottle (Pjtcx, catalogue No 1260), 32 gm of thoroughly dned 
silver phosphate’ (76 mM of salt with 230 milheqmvalents of silver) and 
11 ml of 90 per cent phosphonc acid (MalUnckrodt) (176 mM) are well 
nuxed Some heat is evolved, and the bnght yellow color of the tnsilier 
phosphate changes to a gray The sirupy mixture largely solidifies on 
coolmg The mass is finely distnbuted m 20 to 25 ml of ether until a 
homogeneous hght gray suspension is obtamed 

Acetylation — 17 ml (240 mM) of acetyl chlonde mixed with an equal 
volume of ether are dropped from a separatory fuimel into the freshly pre- 
pared suspension The bottle contaimng the silver phosphate is kept in 
ice water and is agitated continuously From time to time the addition of 
acetjd chlonde is interrupted The bottle is removed from the ice and 
shaken more vigorously to break up clumps of silver chlonde About 10 
minutes should be allowed for the addition of acetyl chlonde in order to 
avoid excessive nse in temperature After the total amount has been 
added, the bottle is stoppered and is shaken for 10 more mmutes at room 
temperature 

Extraction and Partial Neutralization — The ether mixture contains no'V 
acetylphosphonc acid, varymg amounts of free acetic and phosphonc 
acids, and some hydrochlonc acid The suspension is brought over into a 
liter Erlenmeyer flask, some ether being used for washmg The flas « 

* To prepare silver phosphate dissolve 100 gm of silver nitrate m 600 ml of irate 
and add gradually to 1200 ml of a hot solution of 520 gm of dibasic sodium p 
phate dodecahydrate Boil, filter, and dry in an oven overnight 
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cooled carefully, and a chilled solution of molar sodium carbonate" is added 
in portions, whereby the ether layer convemently prevents excessive foam- 
mg Neutralization is interrupted when, after the addition of 120 to 
140 ml of carbonate solution, a pH of 3 to 3 5 is reached The color 
change of umversal mdicator paper from bnght red to red-orange was used, 
or the change of Congo paper from blue to purplish N ow, to remove silver 
chloride both the ether and aqueous solution are sucked through a Buchner 
funnel (A little Cehte Analytical Filter-Aid, Johns-Manville, is used to 
tighten the filter paper ) 

Exiraciion of Acetic Acid and Partial Removal of Inorganic Phosphate — 
To avoid a subsequent disagreeable contamination with silver acetate, the 
free orgamc acid is removed at this stage by ether extraction At pH 3 to 
3 5 the acetic acid is mainly un-ionized and easily extractable Acetyl- 
phosphonc acid, houever, is present as an acid salt and does not leave the 
water layer Its decomposition-pH curve, shown in Fig 1, mdicates that 
at this range only a neghgible decomposition will occur in a cold solution 
To extract the acetic acid it is sufficient to shake twice for 2 mmutes with 
3 times the volume of ether 

At this stage we find between two-thirds and one-half of the total phos- 
phorus acetyl-bound To complete the neutralization, a few drops of 
phenol red are added, and under constant shaking 33 per cent sodium hy- 
droxide IS run in slowly until the color turns reddish (20 to 22 ml ) Care 
should be taken to avoid local overalkalimzation which easily may cause 
appreciable decomposition Just after a pH of 7 is reached, crystals of 
sodium phosphate generally start to separate from the chided solution, and, 
on shaking, the flask may suddenly be fided with a mass of crystals The 
crystalhzation of sodium phosphate from this concentrated solution offers 
a convement method of removing phosphate To drive crystalhzation as 
far as possible the solution was frozen and kept so for at least an hour at 
—35° Here the preparation may be interrupted convemently In frozen 
neutral solution we have kept acetyl phosphate for days without detectable 
loss The freezing is a convement but not an essential operation With- 
out freezing at this stage the removal of morgamc phosphate is less effi- 
cient, and the preparation has to be contmued immediately 

To separate the sodium phosphate crystals from the acetyl phosphate 
solution the frozen solution is thawed slowly, broken up as soon as possible, 
and transferred still partly frozen to a Buchner funnel Tlie crystal mass 
is pressed together on the funnel and sucked diy^ The temperature in the 

* A sodium carbonate solution of this concentration is oversaturated at refrigerator 
temperature, and to avoid a precipitation of crjstals it should be kept in the refrigera- 
tor only 1 to 2 hours pnor to use 
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crjstal mass should not rise above —5°, at which temperature the crretah 
start to melt Analysis has shomi that practically no acetyl phosphate 
remains on the filter An ahquot is taken now from the filtrate, and clilo- 
nde and inorganic phosphate are deternuned \^Tule these anahses arc 
carried out, the solution is agam frozen Chlonde w as determined b\ thio- 
cjanide titration 

Prcapitahon and Isolation of Stiver Sail — ^The procedure which folloirs 
is similar to that of Ljmen (10) who fu"st showed that silver acetil pho- 
phate crj stalhzes easily from a solution contaimng evcess silv er ions First 
the remaimng inorganic phosphate and the chlonde, the silver salts of 
which are much less soluble than silver acetyl phosphate, are removed with 
a shght excess of sih er nitrate The solution is adjusted to pH 7 to 8, and 
25 per cent silv er mtrate solution is added in an amount exceeding bv 10 
per cent the silver equivalent calculated from phosphate and chlonde 
detenmnations (about 10 to 25 ml are needed) Depending on the 
amount of inorgaiuc phosphate present, a more or less pronounced shift 
to the acid side occurs, and the pH has to be readjusted The jellonash 
white precipitate of mixed silver phosphate and chlonde is filtered off bv 
suction, the filter paper liavnng been tightened with Celite If all the 
phosphate and clilonde has been remox ed, the addition of a few drops of 25 
per cent silver mtrate produces a precipitate which dissolves readilv on 
shaking to a bluish w hite cloud The precipitation is continued cautiou'lj 
with 25 per cent silv'er mtrate solution The total amount of silver salt 
added should be twice that necessary to form disilver acetyl phosphate, 
usuallj amounting to around 120 ml of sdver salt solution The copiou: 
precipitate is sep ited from the mother hqmd by filtration through a 
Buchner funnel j washed on the funnel once with a little ice-cold water 
and twice thoroughly with small amounts of 33 per cent alcohol All pos 
sible adherent wate- 1 *; removed on the funnel by washing twice with alco- 
hol and twice with ether The product is dned finallj in a vacuum over 
phosphorus pentoxide Protected from water and from light, silv er acetj 
phosphate has been kept for years without decomposition 

The yield is 13 to 16 gm and already the analj^is of this product con 
forms almost exacth with the values calculated for disilver monoacetj 
phosphate 

C HjOiPAg Cilculated Acetic acid 16 9, P 8 S, Ag 61 0 

353 8 Found '• “ 17 -1, " 8 ", “ Gt 1 

(No inorganic P) 

The acetic acid residue was determined by titration with sodium hvdrot 
ide of the steam distdlate from an acidified solution of the compoun 

If this IS not a thoroughly crystalline compound, the crude sa is 
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sohed slightly less than its equivalent of 0 25 m sodium chlonde solu- 
tion By dropivise addition of silvei nitiate the solution is tested for the 
presence of inorganic phosphate, a little of which is usually formed dunng 
tlie previous manipulations As long as the precipitate is yelloinsh, it is 
discaided The subsequent isolation is earned out as desenbed 

Synthesis of Other Acyl Phosphates 

Higher Fatly Acids — ^IVhen the chlorides of propiomc and butync acids 
are used instead of acetyl chlonde, the corresponding acyl phosphates were 
prepared in the manner described 

CjHiOsPAg Calculated Propionic acid 20 1, P 8 4, Ag 58 7 
367 8 Found “ “ 19 7, “ 8 7, “ 59 0 

CiHyOsPAg Calculated Butyric acid 23 1, P 8 I, Ag 56 5 
381 S Found " " 23 4, " 7 9, " 56 4 

This senes could be easily extended Because the silvei salts ot the free 
acids become moie insoluble with increasing chain length, special care has 
to be taken to extract the free fatty acids as far as possible before precipita- 
tion of silver acyl phosphate Propionyl and butyryl silver phosphates 
ori'stalhzed rather easily, e\en inthout reprecipitation No striking 
change in the character of the acyl phosphate bond i\as observed mth the 
lengthening of the carbon chain 

Succinyl Phosphate — The coupling of ketoglutaiate oxidation mth phos- 
phorylation (12, 13) makes it likely that a fixation of phosphate, yielding 
succinyl monophosphate, may occur m the following manner 

-2H 

COOH (CHjIjCO COOH + HO PO,H, > 

COOH (CHj)i CO O PO,H, CO 

i 

Therefore, a synthesis of succinyl phosphate was desiiable It was antici- 
pated that the presumably physiological monophosphate could hardly be 
obtained from succinyl diclilonde, the only know n chlonde of succinic acid, 
in a direct reaction It proxed, however, possible to obtain by the action 
of an excess of succinyl dichlonde on silver phosphate a mixture of mono 
and diphosphorjd succinates utilizable for pieliminary expenmen ts 

The only majoi change in the procedure is the use of ethyl acetate rather 
than of ether for the extraction of free succinic acid So far the best results 
were obtained wnth the following proportions 20 gm of silv^er phosphate 
(50 mM) were mixed with 3 3 ml of 90 per cent phosphonc acid (60 mxi) 
and 12 ml of ether and the imxture then was treated with 8 3 ml (75 mxi) 
of succinyl chlonde in 15 ml of ether The cooling has to be efficient, 
particularly on addition of the first portions of succinyl chlonde The 
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total amount was added in about 3 minutes Thereafter the lesscl nas 
removed from the ice bath and shaken at room temperature until heat 
production ceased The subsequent treatment iias the same as descnbed 
for acetjl phosphate 5 6 gm were obtained of a compound which ana 
lyzed to 6 6 per cent labile orgamc and 1 per cent inorgamc P, 58 2 per 
cent silver, and 16 per cent succimc acid 
Succmic acid was detemuned manometncally with muscle enzjine (14) 
The ratio 1 57 of organic phosphorus to succmic acid indicates that about 
40 per cent of the succimc acid is present as mono- and 60 per cent as 
diphosphate 

Stabihty and behavior of this compound are very similar to those 
observed with other acj'l phosphates Part of the preparation has been 
turned oier to Dr S Ochoa who is engaged in the study of enzymatic 
ketoglutarate oxidation (13) In our own evpenence, all labile phosphate 
was mmerahzed rapidly with tissue extracts The rate of decomposition 
here was only slightly mferior to that found with acetyl phosphate In 
general, we find that acyl phosphates are rapidly decomposed by tissue 
MicCts, a reaction which is Inhibited by fluonde and m some instances is 
^sensitive to hydroxj'lamine 


SUMSURY 

1 The properties of acetyl phosphate are studied, especially its stabihty 
under vanous conditions 

2 A method for the determination of acetyl phosphate is worked out 

3 In a relati'vely simple manner, monoacetyl phosphate was synthesized 
by mteraction of monosilver dihydrogen phosphate and acetyl chlonde 

The preparation is reported of propionyl, butyryl, and succinyl 
phosphates 
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The problem of havmg to perform numerous unnary ammo N determi- 
nations under limited facilities led us to attempt the adaptation of the cop- 
per method of Pope and Stevens (1) for the estimation of the free ammo 
acids to the unne, since it appealed to be simpler and less time-consuming 
than the gasometnc (2), colonmetnc (3), oi formol titration (4) techmques 
These authors have shown that their method compaies favorably with the 
Van Slyke procedure (5) for protein hydrolysates and ammo acids Most 
encQuragmg to our purpose is their statement that ammonia, which consti- 
tutes a complicating factor m the other methods and must be removed, does 
not contribute to the ammo N value Our finding that the other N com- 
pounds of the unne, namely creatme, creatmme, unc acid, and urea, also 
fail to react as ammo N-faeanng substances m this method makes it possible 
to carry out this determmation without previous manipulation of the unne 
sample This has been found to permit the estimation of the free ammo 
acids m the unne iwth a minimum expenditure of time and apparatus The 
details of our expenments and apphcation of the method to the unne are 
presented here 


EXPERIMENTAL 

Reagents — 

Cupnc (Monde 2HaO 27 3 gm dissolved m 1 hter of water 

Tnsodium phosphate 64 5 gm dissolved m I hter of water 

Borate buffer To 57 21 gm of sodium borate m 1 5 liters of water add 
100 cc of N HCl and make to 2 liters with water 

Copper phosphate suspension Mix 1 volume of cupnc chlonde solution 
with 2 volumes of tnsodium phosphate solution and 2 volumes of borate 
buffer The suspension appears to keep well m the refngerator for about 1 
week 

Thymolphthalein indicator 0 25 gm of thymolphthalem (LaMotte) 
dissolved in 50 cc of 95 per cent ethanol and made to 100 cc with water 

* Aided by grants from the Rockefeller Foundation, hterck and Company , Inc , 
E R Squibb and Sons, and the Nutntion Foundation, Inc 

683 
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Sodium Ihiosulfale slock 49 G gm (0 1 n) dissolved in 200 cc of water, 
add20cc of amjl alcohol and make to 2 liters The amyl alcohol sen es as 
a stabihzmg agent Tlie 0 01 N solution is prepared from this stock solu 
tion 

Potassium lodalc standard 0 35G7 mg (0 01 n) of potassium lodatc dned 
in an oven at 110° for 1 hour and dissolved in 1 liter of water Use to 
standardize the thiosulfate solution 

Starch indicator Dissolve 1 gm of Lintner soluble starch in 100 cc of 
saturated NaCl bj heating on the steam bath, cool overnight and decant 
the supernatant solution 

Potassium iodide Make dailj' m the quantity needed, 1 gm per I cc 

Glaaal acetic acid and 1 a NaOH 


Procedure 

Presentation of Unne — 24 hour specimens were collected in broivn liottlcs 
contaming 50 cc of 15 per cent HCl (by volume) and 1 cc of 10 pci cent 
alcoholic thjanol and were made to a uniform vmlume of 2 liters befoic re- 
mov'al of the sample for ammo N determination It has been found that 
under these conditions the amino N content of the specimens remains un 
changed after storage for 1 week or more at room temperature 
Method — To 15 cc of unne or sample in a 50 cc volumetnc flask contain 
mg at least 1 0 mg of ammo N are added 4 diops of thj molphthalein indi 
cator and \ XaOH to the appearance of a faint gieen or blue color Tlicn 
30 cc of the copper phosphate suspension arc added from a graduated 
cvlmder and the volume made to the mark wath distilled water 4ftcr 
being rmved thoroughly by repeated inversion, the solution is allowed to 
stand at least 5 minutes and then filtered by giavat 3 through folded Xo 5 
I^Tiatman paper (12 5 cm ) into 125 cc Eilenmej^er flasks 
The copper content of tw o 10 cc aliquots of this filtrate is determined 
lodometncallj' as follows Each portion of the filtrate is acidified with 05 
cc of glacial acetic acid and followed bj the addition of 1 cc of M solution 
The solutions are titrated wath standardized 0 01 n sodium thiosulfate from 
a 10 cc micro burette and G drops of starch indicator added as the end point 
IS approached \Mien a low titei is encountered, the duplicate sample is 
titrated wath 0 005 n sodium thiosulfate 
Caleulations — Each cc of 0 01 n thiosulfate is equivalent to 0 28 mg of 
ammo N The ammo N per cc of the origmal sample is found from the 
formula, cc of 0 01 ir thiosulfate required for 10 cc of filtrate X OSSfd The 
titration differences for duplicate 10 cc aliquots from the same sample arc 
less than 0 02 cc The agreements between duplicate samples containing 
1 mg of ammo N or more are better than 1 per cent 
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Results 

In order to ascertain the adaptability of the copper method to the deter- 
mination of the ammo N of the unne, it was clearly necessary to learn (a) 
the reaction of the non-ammo mtrogenous constituents of the unne to the 
procedure and (5) the sensitmty of the method to micro quantities of the 
ammo acids and protein digests Data beanng on these points are pre- 
sented in Table I 

For this work weighed amounts of chemically pure compounds Mere 
dissolved in watei oi 0 1 n HCl as necessary and the total N of the solution 
deteimmed by micro-Kjeldahl analysis (6) Casein and gelatin hj^droly- 


Table I 


Ammo N Conleni of Some Ntlrogen Compounds by Copper Method 


Substance 

Total N in 
sajnplc 
analyzed 

Ammo N 
found 

Amino V 
Total \ 


mg 

mg 

per cent 

Urea ; 

88 05 

0 00 

0 

Uno acid 

5 80 

0 00 

0 

Creatine 

1 43 

0 00 

0 

Creatinine 

9 10 

0 00 

0 

Amigen 

9 18 

5 90 

64 8 

Casein hydrolysate 

2 15 

1 73 

80 5 

Gelatin ' 

2 53 

2 14 

84 6 

1(— I'Arginine HCl 

19 10 

4 80 

25 1 

Z(— )-Lysine HCl 

20 00 

10 01 

50 1 

l(-)-Histidine HCl 

11 60 

7 55 

65 0 

l(-)-Histidine HCl 

2 32 

1 47 

63 5 

d/-AIamne 

2 06 

2 10 

100 9 

Glycine 

1 4 83 

4 90 

101 4 


sates were prepared by i efluxmg 10 gm samples of commerial grades of these 
products with 50 cc of constant boihng hydrochloric acid for 24 hours 
The excess acid was removed by concentration m vacuo and the humm by 
filtration and the N determmed by micro-Kjeldahl analysis The amino 
N determinations weie performed as described below on smtable aliquots 
of these vanous solutions 

It IS to be noted that the normal oigamc mtrogenous constituents of the 
unne fail to react m the copper system, mIucIi indicates that the ammo 
N values obtamed by the application of the method to the unne Mould not 
suffer by their piesence 

The ammo N content found for the protein chgest is mcH Mitlun the 
reported values Analysis of the ammo acids sIioms that the method is 
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capable of high accuracj for micro quantities of vanous anuno acids It 
appears, moreo\er, that glycine, alamne, argimne, and lysine yield amino N 
values vhich correspond exactly to the a-ammo N content Pope and Ste- 
\ ens have demonstrated this to be true not only of the other a-amino acids 
but also for proline and hydroxyprohne The behavior of histidine is 
anomalous Thej have found after repeated tests that histidine jaclds 
42 9 to 43 7 per cent of its total N as ammo N instead of the normal 33 3 
per cent, and interpret this to indicate the formation of the complex (his 
tidine)s Cui We, on the other hand, have consistently found histidine to 


Table II 


Recovery of Ammo N of Substances Added to Urine 


S&mple 

Kitro^nof 
substances added 

Total ammo N m 
aample analyzed 

Recoverr 

of added 
amfco N 

Total 

Ammo 

Calculitec 

Found 



m 

mt 

mf 

mt 

terctnf 

15 cc 

Unne A 






Same 

+ dl-phenj lalanine 

2 42 

2 42 

4 22 

4 26 

100 9 

f( 

+ df-methiomne 

2 92 

2 92 

4 72 

4 so 

101 0 

tt 

+ J(— )-leucine 

1 04 

1 04 

2 84 

2 82 

99 2 

IS cc 

Unne B 




2 19 


Same 

+ di-tryptophane 

0 25 

0 25 

2 44 

2 44 

100 0 

16 cc 

Unne C 




1 22 


Same 

-h i(— l-cystme 

2 16 

1 73 

1 47 

1 47 

100 0 

15 cc 

Unne D 




5 44 


Same 

4- casein hydrolysate 

2 15 

1 73 

7 17 

7 20 

100 2 

tt 

It <1 

6 45 

5 19 


10 60 

99 1 

tt 

+ Z(— )-argimne HCl 

3 40 

0 85 

6 29 

G 25 

99 4 

tt 

-h di-alamne 

4 12 

4 12 

9 56 

9 60 

101 0 

tt 

+ urea 

69 00 

0 

5 44 

5 44 


tt 

-f (NH,)jSO, 

13 70 

0 

6 44 

5 50 



yield 63 5 to 65 0 per cent of the total N as ammo N by this method on 
samples contammg 2 32 to 11 60 mg of total N, which suggests the forma 
tion of the compound, histidme Cu 

It was further reported by Pope and Stevens that, when tryptophane, 
phenylalamne, metluonme, and leucme were tested mdividually bj their 
method, all failed to yield the expected ammo N values omng to the forma 
tion of insoluble copper salts However, they found that when these ammo 
acids were tested m the presence of an excess of either glycme or aspartic 
acid the theoretical ammo N values were obtamed for the mixture In 
expenence cystme should also be mcluded m this category Since an excess 
of ammo acids does not obtain m the urme, the effect of substances pre=cn 
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m high concentration in the unne on the annno N values of these annno 
acids was studied The addition of ammonium sulfate, ammomum chlo- 
ride, and urea mdividuallv to solutions of this group of amino acids im- 
proved the ammo N values somewhat, but failed to yield the calculated 
values However, when these were added to the unne normal ammo N 
values were realized, as shown m Table II Smce the quantities of these 
ammo acids added to 15 cc of unne are far m evcess of the amounts m 
which they might normally occur, it is evident that the ammo N of these 
ammo acids is mcluded m the values obtamed by the use of this method to 
the unne 

It will be further obsen^ed m Table II that the addition of urea and am- 
monium sulfate does not contnbute appreciably to the ammo N value of the 
unne samples, whereas casern hydrolysate, df-alanme, and f(— )-arginme 
augment the ammo N value as calculated 

The ammo N of the 24 hour specimens of fifteen normal adult subjects on 
normal diets determmed by this method has been found to fall between 
221 and 696 mg , which corresponds to 3 25 to 4 12 per cent of the daily 
total N Kirk (7) usmg Northrop’s modification (5) of the formol method 
reports the daily ammo N to var}' from lOO to 2700 mg for normal mdi- 
viduals on normal fare 


DISCUSSION 

It has been shown by Van Slyke and Kirk (8) that the metabolites in- 
cluded m the term ammo N are necessarily defined by the methods used for 
their determmation From the available data, it appiears that the character 
of the ammo N determmed by the copper method is similar to that found by 
the use of the formol procedure when the calculation is made from the titer 
between pH 7 and 9 The only differences, which are m effect self-compen- 
satmg, are found m the fact that, whereas only the a-NHj-N of histidme, 
both ammo groups of lysme, and 0 8 of the pyrrohdme N are recorded by 
the formol reaction, two of the histidme mtrogens, the a-NH*-N of Ij'sme, 
and all of the pyrrolidine N are determmed by the copper reaction 

Moreover, this detailed mvestigation of Van Slyke and ICirk has clearly 
mdicated the superiority of the formol titration techmque (4) for the esti- 
mation of ammcC N of the unne when compared to the Folm colonmetnc 
method (3) and the Van Slyke gasometnc procedure (2) More recently. 
Van Slyke and coworkers (9) have descnbed a new gasometnc method for 
the determmation of ammo acids m the unne, usmg the mnhydnn-COi 
reaction which they feel offers greater sjiecificity and convemence than anj 
of the existmg methods It is to be noted, however, that all of the available 
procedures require a prehmmary treatment of the unne sample for the re- 
moval of urea, ammoma, or COj as the case maj' be These processes are 
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neccssinh time-consuming and in some instances maj affect the oi er a!! 
accuncA of the determmation, eg , the concomitant remoial of the basic 
amino acids nath ammoma by the use of permutit in the Folm technique 
Our data clearlj mdicate tliat the remoi al of urea and ammonia from tlie 
unne sample is not necessarj'- for the accurate estimation of the ammo >< 
bj the copper method In addition to this advantage, the fact that the 
determination can be accomphshed inthout the use of special apparatus 
and bj a smgle titration with a shaip end-point recommends it for routine 
AAork 

The amount of sample required for tins procedure has been found to limit 
ts use for the determination of the ammo N of the blood 

SOMMABI 

The copper method for the determmation of the ammo N has been sue 
cessfully applied to the unne The findmg that the presence of ammonia 
and urea does not affect the ammo N value pernuts the rapid estimation of 
the free ammo acids m the unne 

The ad\ antages of this procedure ovei the more fannliai procedures arc 
discussed 

We wish to thank Miss Jane E Fiankston for some e.\penments per 
formed in connection .\ith this work 
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The present studies uere designed to develop a rapid micromethod for 
investigation of the effects of heat on relatively concentrated solutions of 
human serum albumin The method so deiused is proposed for the routine 
study of commercial prepaiations, and for inquiry into some of the factors 
that appear to determine the thermal stability of an albumin solution As 
wall be deal fiom the paragraphs that follow , w e are using the w ord stablht^ 
m a veiw restiicted sense the studies pertain onlj-^ to the formation of 
coagula or aggregates of piesumabh denatured albunjm that are canable 
of producing a considerable T\ ndall effect The obsen'ed phenomenon, 
which will be referred to as cloud foimation, is, according to the ^^ews of 
4anous authonties (1-10), the net result of two consecutne reactions the 
denaturation oi unfolding of the piotein molecules m solution, and the 
flocculation, aggregation, or poh merization of the unfolded molecules to 
foim pai tides that are laige enough and present m sufficient concentration 
to scatter light and give the appearace of a cloud or turbidity The factors 
that influence the rate of foimation of soluble denatured protein at higher 
temperatures aie not considered in the present study, although work is in 
progress on a method to ascertain the state of the protein m solution Like- 
wise, the formation of soluble clea^age products that might arise fiom 
thermal degradation under special conditions is not considered 

Method 

The method now emploj ed is based upon the use of thin w ailed capillan 
tubes, and the heating of albumin solutions contained therein at a constant 
andsufficienth high tempeiature until a cloud forms in the solution, that is, 
until the cloud poinU is reached Under optimum conditions the rate of 
cloud formation is quite rapid, and the time required for attainment of a 
30 second cloud point ma\ be recorded to within a few seconds 

Before the present studies were undertaken, Dr Paul Tompkins of this 

' The “cloud point” is apparentU closely related to and perhaps sj nonjuious w ith 
the coagulation point It is so described because under the conditions of these c\- 
penments the light-scattenng phase appears to the observer, at the moment of 
recording as a haze or cloud rather than as a hea\j coagulum 

5S9 



590 


HEAT COAGULATION OF SERUM ALBUMIN 


laboraton made substantial progress mth a method that called for ele\ ation 
of the bath temperature at a linear rate, from an initial le\ el of 50° or higher 
to the cloud pomt temperature, the observer recorded both the cloud point 
temperature and the cloud pomt time Either value alone or the product 
of the two was found to pronde descriptive information -which was of quah 
tatn e interest but the data w ere not amenable to further anal} sis or inter- 
pretation 

Lepeschkin (3) has described a method that was devised upon a suffi 
cientlj small scale with respect to demand for material, but this was tech- 
nical!} unsatisfactor} for application to the problem at hand No attempt 
was made to inquire, by actual tnal, into its further possibilities 

Capillary Tubes — ^We ha-ve found that the most satisfactory capillancs 
are of thin w ailed soft glass, prepared by heating and drawing out ordman 
G inch test-tubes, and which have about the following dimensions length S 
cm and external diameter 1 5 mm To indicate the thickness of w all that is 
considered desirable we find that ten of oui tubes selected at random weigh 
0 70 gm , 01 70 mg each Commerciallj' a\ ailable melting point tubes were 
tned but their use w as discontinued owing to their insufficient length and 
their larger and vanable diameter The thickei w alls and greater diameters 
of the melting point tubes do not permit a sufficiently rapid equilibration ol 
temperature An increase in inside diametei of from 0 7 to 1 5 mm in 
creased the cloud pomt time in a given expenment from 26 to 35 seconds, 
r e bj 9 seconds, and a change from one of our thin w ailed capillaries to a 
melting pomt tube of the same internal diametei laised the cloud pomt time 
from 33 to 36 seconds However, melting pomt tubes of constant diameter 
could be used with fair accuracy for compaiatue purpases 

Filling — The proteih solution is drawn about one-third of the waj up the 
tube bv gentle suction, the empty end is sealed in a small flame, and tiic 
contents are transferred to the sealed end aftei it cools by shaking with a 


whippmg motion of the hand 

irafer Balh — For a constant temperatuie bath we have found that one of 
brass plate (1 3 mm thick) contaimng thiee windows of plate glass is satis 
factor}' The internal dimensions of the bath are as follows length 9 
inches, width 6 inches, and depth 10 inches A box of J inch, fi\ e plv w ood 
was built to fit snugly over the outside of the brass plate bath, and to fur 
nish a moderate amount of thermal insulation Greater insulation of the 
sides of the bath is m all probabihty unnecessar} because the top of the bath 


IS uncox ered 

The diagrams m Fig 1 illustrate the arrangement of the three windows 
m the bath, the position of the light projector, and the location of t e 
temperature-regulatmg equipment A concentrated beam of light from a 
micro projector is passed through the bath and out through a window on t e 
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opposite side in order to avoid reflection from the bath walls To sen'e as 
a background a piece of black bakelite, fastened to a stnp of brass for sup- 
port on the sides of the bath, extends dmra into the u ater about 5 inches, 
that IS to a point just below the bottom of the mndous, and thus does not 
interfere unth the circulation of the bath u ater The hght that is scattered 
by the protein solution in the immersed capillary is ohserved through the 
front window against the bakelite background, preferably in a darkened 
room Mueller (11) has reported that the mtensity of scattered light is 
maximal at an angle of 135° to the incident beam We have found that the 
cloud point IS definitely more distinct when observed at an angle to the 
incident beam somew'hat greater or less than 90° 



The bath is refilled with distilled water everj 2 or 3 days in order to keep 
the w'ater clear and free from dust The heating element emploj'’ed is an 
8 foot length of chromel resistance wire, w ound in a ^ inch spiral, and sup- 
ported m the bath with a Pyrex rod or tubing of small diameter passed 
through the spiral A mercuiy thermoregulator of conventional design is 
used, except that it is provided with a side arm into w hich is inserted a nib- 
ber stopper with a set screw Rapid adjustment of the temperature is 
facihtated with the screw A v anation of ±0 03° in bath temperature is 
obtained by arrangmg the relay and heater circuit so that onl} a part of the 
current through the element is controlled by the relaj 

Technique — ^In canying out a determination it is advisable to have the 
solution in the capillary only half immersed, for if the filled portion is com- 
pletely immersed, cloud formation will begin at the air-hquid interface and 
work dowmwards, thus decreasmg the sharpness of the cloud pomt, and 
perhaps even shortemng the time for its appearance Another adv antage 
may also be reahzed from partial immersion of the protein solution, if the 
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obsener, sborth before the appearance of the cloud, loners the cipillan 
another 0 5 to 1 0 cm m the bath, he mil ln-\ e a small amount of the un 
clouded solution to compaio mth the clouding portion, and b\ contrast 
such action mil tend to sharpen the obsers ed cloud point The tcmiieri 
ture of the bath should be so adjusted as to gi\ e a cloud point appearance 
time of 10 to 60 seconds If the cloud point time is less than 5 seconds, we 
assume the a alue to be of doubtful significance, since an appreciable propor- 
tion of the time n ould probabh be required for equilibration of temperature, 
the capillarj being at room temperature prior to immersion If the cloud 
point time is greater than 150 seconds, difficulties are encountered owing to 
loss of sharpness of the cloud point 

EXPERIMENTAL 

Throughout these studies use has been made exclusnelj of crjstallinc 
human serum albumin or of amorphous serum albumin which, on electro 
phoretic analj sis, appeared to contain not more than 2 per cent of globulin 
(mostlj a-) These preparations have recently been charactenzed in 
se\ eral papers (12-16) Unless otherwise stated, 25 gm per cent solutions 
of the protein w ere used The solutions w ere prepared bj mixing in the dn 
state albumin and sodium carbonate, the latter in quantities sufficient to 
gii e a reaction close to the desired pH Water w as added and solution of 
the albumin effected at room temperature or at 0° A stock solution, 33 3 
per cent albumin, w as thus prepared 75 cc portions of these stock solu 
tions were diluted with an appropriate volume of sodium chloride of the 
desired molantj In certain of the expenments to be r<*portcd, in which 
other salts were studied, dilution was made with the required volume of 
solutions of these other substances The final vmlumes after the additions 
mentioned were 100 cc , thus giving solutions that contained 25 per cent 
albumm Suitable allovmnces were made for the water contained in the 
“drv ” albunun preparations used The inv estigation pertains, therefore, 
to 25 gm per cent solutions of albumm, computed as for anhj drous matcnal 

Before determinations of pH were made, the concentrated nlbumin 
solutions vv ere diluted to 25 v olumes with w ater Although this procedure 
does not give the pH of the 25 per cent solutions actualh emploied, 
measurements were made in this way in confoimitv with the coniention' 
now emplojed in all laboratories m which work with these solution' o 
human serum albumin is being done It must therefore be emphasize 
that wherev er reference is made in the present paper to the pH of an n u 
min solution w e mean the pH of a solution which has been diluted to contain 
about 1 per cent of protein 

Deteimmations of the cloud pomt are made at sev eral tempera tires 
within a range so chosen as to giv e a senes of cloud point times o r 
to 60 seconds The significance of this procedure w ill appear later 



B\LLOU, BOIER, LUCK, BUM 


593 


Studies on Typical Preparations — Deteminations of the cloud point time 
(C P ) ha\ e been made thus far on thirU -si\ different preparations’ at 
sereial diffeient tempeiatuies A semilegal ithmic plot of the data so ob- 
tained, log C P against temperatuie, gaa e rise to a family of straight lines 
such as aie illustrated in Fig 2 for ten of the prepaiations selected at ran- 
dom The slopes of these lines are ver} neaih the same Later studies 
indicate that the slope is determined in part b^ the protein concentration, 
the nature of the added salt, and also by the pH The linear relationship 
that M e have obser\ ed between the loganthm of the cloud point time and 
the tempeiature is in confiimation of the findings of Buglia (17), whose 



TEMPERATURE - 'C 

Fig 2 Cloud point-temperature relationship 1 25 dilution pH O 7 15, 
O 7 01, e 6 81, O 6 70, • 6 55, A 7 17 V 6 SO, D 6 56, X 6 50 -h 6 52 

'1 01 k n as carried out under quite different conditions but, none the less, m as 
such as to demonstrate the lelationship mentioned 

The lesults obtained on thirty -si\ different amoiphous preparations are 
presented in Table I This serves to indicate the spiead of values encoun- 
tered in oidinary albumin processing It also leflects the quality' of the 
albumin, since all preparations of low cloud point are found to be poor as 
judged by nephelometric study' in the course of standard stability' tests 
at 67° 

In Table I it vill be noted that the entnes m the second and third columns 

* The preparations used tor this purpose were the products of an industrial house 
engaged in the large scale preparation of human serum albumin As rccei\ed us, 
they were already in 25 per cent solution contained 0 3 u sodium chloride and were 
of pH 6 42 to 7 28, with most values clustered around pH G S The sodium carbon itc 
additions, made at the time of dissolv ing the albumin w ere such as to add about 0 05 
to the ionic strength 



594 


HEVT CO\.GIjLVTIO\ OF SERUM ALBUMIN 


are descnbed, respectu eh , as “Temperature for 30 second CP” and 
“Calculated C P at G5° ” These \alues Mere obtained in all cases b\ 
making a fen detenmnations of C P inthin the appropnate temperature 
range A hnear plot, log C P acrsi/s temperature, was constructed from 
these obsen ations and from this m turn the values presented in the second 
and third columns of Table I are readilj calculated 
Quadruphcate determinations of the cloud point are made for an} giien 
temperature upon each preparation, and the average C P for the contents 


Table I 


Routine Cloud Points 


Preparation No 

Temperature (or 
JO tec C P 1 

Calculated 

C P atdS 

Preparation No 

Temperature (or 
JOaec C P 

Calculated 

C P atM 


c 1 

sec 


C 

sec 

20 

65 73 

117 

46 

66 09 

230 

27 

66 28 

327 

47 

65 27 

5S 

28 

65 59 

90 

48 

66 14 

252 

31 

66 03 

201 

49 

66 18 

272 

32 

66 16 

262 

SO 

66 32 

352 

33 

66 11 

238 

51 

66 48 

475 

34 

66 11 

238 

52 

66 21 

287 

35 

65 98 

187 

53 

66 34 

366 

36 

65 91 1 

168 

54 

66 29 

318 

37 

65 96 

180 

55 

66 16 

262 

38 

65 89 

162 

56 

65 55 

84 

39 

66 27 

221 

57 

66 30 

340 

40 1 

66 18 

272 

58 

66 14 

2o2 

41 

65 83 

141 

59 

66 48 

47o 

42 

66 25 

309 

60 

66 64 

641 

43 

66 16 

262 

61 

1 66 46 

457 

44 1 

65 79 

131 

90X 

64 25 

7 

45 

66 04 

204 

22 

65 01 

31 


of the four capillanes is recorded In the 30 second range such quadrupli 
cates should agree to ±1 second 

It IS probable that the semiloganthimc plot is linear for only a compara 
lively narroiv temperature range This is suggested b}' the obsen ation 
that if the data now at hand m ere to be recalculated for a cloud point tern 
perature of 50° the C P of all preparations studied of late u ould be man) 
million years, a conclusion w hich is not in harmony with actual obsen ations 
on the stabihty of these preparations at 50° 

Arrhenius Constant — Values for the activation energ)', E, or the 
rhemus constant m ere calculated with the aid of the following expression, 

(C P)i. ^ / T, - T: \ 

(C P )« ^ 2 3H \ T-* / 
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Table II 
Arrhenttis Constant 


ESect of varutions m 

pH (1 25) 

pH, calculated from 

5 1 

data m Fig 3 

5 6 

6 4 

7 9 

8 5 

9 5 

10 0 

10 7 

NaC! 

u 

haCl concentration, 

0 

from data in Fig 6 

0 IS 

0 30 

0 60 

0 90 

1 50 

Protein concentra 

ttOQ 

Per eent 

Protein concentration, 

5 

from data in Fig 5 

25 

45 

0 J It 

Nature of added 

Blank 

substance 

Chloride 

Acetate 

Propionate 

Butyrate 

Valerate 

Caproate 

Succinate 

Fumarate 

Lactate 


Glucose 


LogC P 

T 

£ X lo-i 


t 

itn 


0 29 

273 + 63 

ISO 


0 46 

+ 66 

240 


0 58 

+ 67 

310 


0 55 

+ 66 

290 


0 4 

+ 65 

210 


0 36 

+ 66 

190 


0 37 

+ 66 

200 


0 18 

+ 66 

95 


0 60 

273 + 63 

310 


0 64 

+ 66 

340 


0 60 

+ 67 

320 


0 62 

+ 69 

330 


0 74 

+ 71 

400 


0 62 

+ 72 

340 

1 

0 26 

273 + 72 

140 


0 60 

+ 67 

320 


0 80 

+ 66 

420 

pH 

0 60 

273 + 63 

310 

6 73 

0 62 

+ 67 

320 

6 78 

0 61 

+ 68 

330 

6 88 

0 80 

+ 71 

430 

6 88 

0 74 

+ 74 

410 

7 05 

1 06 

+ 79 

610 

6 75 

0 56 

+ 80 

320 

6 78 

0 58 

+ 67 

310 

7 03 

0 60 

+ 68 

320 

6 92 

0 69 

+ 69 

370 

6 81 

0 36 

+ 65 

190 

6 75 


where is the absolute temperature of about the middle of the measurable 
cloud pomt range, which is seldom wider than 3° It was assumed that 
(C P ),,/(C P ),, == w here A- and h are the reaction rate constants 
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for the o^ er-all reactions which lead to the ohser\ ed C P at temperature ;- 1 
and h (see also (18)) For the present no attempt wall be made to discuss 
the significance of the different a alues of E obtained 

Table II presents \ alues of E with aanation of pH, sodium chlondc con 
centration, or protein concentration, and for a series of dilTerent added 
substances Crystalline albumin was used to obtain the data presented 
in Table II 

Effect of pH — The optimum pH for the high temperature thermal 
stabilitj of human serum albumin in 25 per cent solution and 0 3 m in 
sodium ehlonde w as determined on tw o preparations The lesults obtained 



on one of these preparations (crystalline) aie presented giaphicallj m Fig 
3 The appearance of a second optimum at pH 10 should be noted as iicl 
as the relationship between pH and A log C P /M, this relationship 
illustrated further in Fig 4 and in Table II The determination of tiic 
optimum pH as 6 8 was first reported b\ Scatchard ct al (13) bj the u=c 
of \ascometnc and nephelometnc methods 
Effect of Protein Concentration — An in\ estigation was made of the effee 
of \ anations m protein concentration at constant total salt concentration 
(0 3 m) and constant pH, upon the cloud point temperature I he resu ts 
presented in Fig 5, seem to indicate that the thermal stabilit} i ancs in 
veiselj with the protein concentration " ^ 

Determinations of cloud point were made at several temperatures or 
both the 5 and 45 gm per cent albumin solutions in order to permit p o 
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tmg log C P against temperature The slopes of the straight hues so 
obtained Mere —0 26 and —0 80 instead of —0 63, as Mas regularlj ob- 
tained ivith this ciystalhne albumin preparation m 25 gm per cent solution 
It appears to folloM that the value of a (slope) in the equation log C P = 
at b IS, in part, a function of albumin concentration 

It could also be computed that this 9-fold increase in protein concentra- 
tion (5 to 45 per cent) decreased the 65" C P about 35-foId 

It IS interestmg to note that the increase in the slopes mentioned aboi e 
in going from a concentration of 5 to 45 per cent protein corresponds to an 
increase in the Arrhenius constant (see Table II) of from 140,000 to 
420,000 calones HoMever, in consideration of the decrease in C P Math 
increase in piotein concentration, it would seem that the “thermal sta- 



Fig 4 Effect of pH on A log C P /Af 

Fig 5 Effect of albumin concentration on cloud point 


bilit},” as defined in this Moik, decreases noth increase of protein concen- 
tration It is quite probable that the reaction rate of aggregation of the 
denatured albumin to form light-scatteiing material is dependent on the 
concentration of the denatured albumin 
Effect of Ionic Strength — The effect of vanations in the ionic strength 
(sodium chloiide used) at constant protein concentration (25 pei cent) and 
constant pH Mas also determined These results are presented in Fig G, 
the} confirm essentially the findings reported bj Scatchaid cl al (13) 
Incidentally it m as obsen'’ed that the slope of the log C P -temperature 
curve did not \an' Math change of sodium chlonde concentration 

Effect of Constant Mole Ratio (NaCl to Protein)— Since increase of ionic 
strength in a s} stem containing 25 per cent albumin is sufficient to increase 
the cloud point markedly (Fig 6), it Mas suggested that the results pre- 
sented in Fig 5 might be due to the high mole ratio (XaCl to protein) that 
prei ailed in solutions of lo« piotein content In consequence the experi- 
ments illustrated by Fig 7 m ere conducted In these experiments a con- 
stant mole ratio for salt and protein Mas maintained It is ondent from 
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Cur\ e II (sodium chlonde) that the increase of cloud pomt mth decrease of 
protein concentration (Fig 5) is not due to increase of the mole ratio 
(N aCl to protein) in sy stems of low protein content How ei er, the results 
do not permit of a verj simple explanation, as is indicated bj the behanor 
of sodium butjTate (Curve I, Fig 7) 

Specific Anion Effects — In a prehminarj’- study, replacement of part of 
the sodium chlonde, routinel}’- employed, with sodium acetate was imcsti 
gated With the two preparations studied there was a marked mcrcasc 
in the 30 second cloud point temperature With these findings before us, 
a systematic study was made of other sodium salts added to a solution of 



Fig 6 Fio 7 


Fio 6 Effect of NaCl concentration on cloud point 

Fio 7 Effect on 30 second cloud point temperature of the simultaneous lanstion 
of the albumin and salt concentrations 


cry stalline albumm The results are presented in Table III The increase 
m cloud point with increase m length of the fatty' acid anion is stnJong 
Sodium caprylate is the highest member of the homologous senes that we 
hate studied In 0 3 m caprylate a 25 per cent solution of serum albumm 
failed to show cloud formation even at lOO” It was noted, howcier, that 
the solution set to a clear translucent gel at temperatures between 80-100 
A few expenments were performed on two routine amorphous prepara 
tions (Nos 47 and 51) The results are presented m Table H'' The am 
solute values for comparable expenments, reported upon m Tables III 
IV, disagree because of the relatively high thermal stability of ciystm*"’'^ 
preparations Qualitatively, however, there is good agreement 
Ot/icr Added Substances — In Table III we have included results wi 
substances other than sodium salts Alanylgly'cme was investigated 'n ‘ 
the thought in mind that substances of high dipole moment might m anre 
the thennal stabihty Negative results were encountered with th^ 
stance a-Globu!m (about 85 per cent a globulin on electrop on; 
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aiialj’'sis) ^\as studied because it is the commonest protein impuntj m 
serum albumin preparations It is sigmficant that this matenal did not 
decrease the high temperature thermal stabihty 


Table III 

Increase of Thermal Stabihly of Serum Albumin As Affected by Added Substances 


Substance added 

Concentratjoti 

. pH 

30 sec C P 
temperature 



u 


C 

Sodium 

succinate 

0 3 

7 03 

66 62 

(( 

chlonde 

0 3 

6 78 

67 29 

tt 

fumarate 

0 3 

6 92 

68 35 

(1 

lactate 

0 3 

6 81 

69 22 

tl 

phenji acetate* 

0 3 

6 76 

78 20 

tt 

acetate 

0 3 

6 88 

68 02 

tl 

propionate 

0 3 

6 88 

71 48 

tl 

butj rate 

0 3 

7 05 

74 07 

It 

butyrate* 

0 3 

6 97 

75 09 

It 

valerate* 

0 3 

6 75 

78 40 

tt 

caproate* 

0 3 

6 78 

79 96 

tl 

oaprylate* 

0 3 Did not coagulate at 100® 

tt 

chlonde* 

0 3 

6 64 

67 44 

Glucose 

i* 

0 3 

6 75 

65 12 

Sodium chlondef 

0 3 

6 77 

67 87 

Alanylglycinet 

0 3 

6 62 

66 27 

Sodium 

glycerophosphatef 

0 3 

7 49 

64 68 

tt 

chlonde + a-globulinf 

0 3 1 

6 91 

68 05 



1 7%J 



tl 

chlondef 

0 15 

7 28 

63 1 

tt 

tt 

0 3 

7 06 

65 4 

tl 

it 

0 is] 

7 28 

71 7 

It 

butyrate 

0 15l 

i 


tt 

chlonde 

0 16| 

6 84 

76 9 

tt 

phenyl acetatef 

0 151 



tl 

chlonde 

0 151 

7 15 

81 5 

tl 

phenyl butyratef 

0 15/ 



tl 

chlonde 

0 15l 

6 68 

81 8 

tt 

caprylatef 

0 15/ 




* Second senes of experiments 
t Third senes of expenments 

t Fourth senes of expenments, amorphous preparation used 


Nephelometry at 60° and 67 ° — In order to bring the present results into 
correlation ivith the routme tests applied to albumin solutions produced 
mdustnally as well as to mquire further into the effects of added^ salts, 
parallel nephelometric expenments were conducted at 50° and at 57 To 
this end, bottles of appropnate shape contaimng 15 cc samples of test 
solutions of 25 per cent albumin were employed and the rate of de\ elopment 
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of tlie liglit-scittenng phase ^as studied Two amorphous preparation', 
designated Preparations D and 94-95 respectneh, were used Headings 

Table IV 


ConfirmalOTy Experiment': int/i Routine Preparations 


rtfpariliOB 

so 

Added salt (OJ u) 

30 sec C P 
temperaiurc 

65 C P ume 

Ratio of d5* 

C P lines 


• 

C 

S(C 


47 

Sodium chloride 

M 77 

19 

1 

47 

“ piiopionatc 

05 72 

115 

6 

47 

" butt rate 

67 52 

2,2S0 

120 

51 

" chloride 

CG OS 

225 

1 

51 

“ propionate 

67 27 

2,060 

9 

51 

" butj rate 

GS 76 

33,650 

150 



Fig S Effect of vnnous salts on the stabihtj of Cutter Prepar''tion D at 57 

0 15 M chlonde, X 0 15 h chloride and 0 15 m chlondo, Q 0 15 m chloride and ^ 
but\ rate A 0 15 m chlonde and 0 15 m phenj 1 acetate, O 0 15 m chloride an a 
caprontc, □ 0 15 m chloride and 0 15 ii lactate 


were made m arbitraiy units on a Zeiss nephelomcter in conjunction 
a PiilfricJi photometer Ihe results are illustrated id Figs 8 to H 


’ The ordinates in Figs 8 to 11 present the increase in nephelometric rca^ ^ 
tamed under the conditions of these eaperimcnts An absolute reading * 
on the Zci«s nephelomcter corresponds to a concentration of hgbt scatter! n 
such that a 1 inch thickness of solution is barclv dctectablj turbid when 
bnght light with the naked e>c Solutions that read 10 units or so 
transparent and art opticallj clear to the naked eje The solutions use 

studies almost intanablj have initial absolute readings of 5 to 10 uni s 
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Fig 9 EfiFect of various salts on the stability of Preparation 94-95 at 57 ° •, X, 

D, Aas m Fig 8, E! 0 IS m chlonde and 0 15 m caprylate, O 0 15 m chloride and 0 15 m 
phenyl butyrate 



Fig 10 Effect of various salts on the stability of Cutter Preparation D at 50° 
The symbols have the same significance as in Fig 8 

marked stabilizmg effects of butyrate, caprylate, phenyl acetate, and 
phenyl butyrate at 57° are clearly' m evidence 
The instability obsened in the 50° experiments mth caproate and capry - 
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hte nnd the comparatn eh high stabihtj conferred bj caprjdate at 67° or 
at cloud point temperatures seem, on supeificial examination, to be in 
conflict A complete explanation cannot be presented at this tune, al- 
though the data now at hand permit us to conclude that the concentration 
of non-polar anion, its denaturing power, the length of the carbon chain 
01 the non-polar amon, and the temperature are the most important factors 
Preparation D, mcidentallj ,^is a singiilarlj unstable and rather atjpical 
preparation It was used onl} to see whether we could effect stabilization 
of an adnuttedh labile product The other albumin. Preparation 94-95, is 



Fic 11 Effect of \anou3 salts on the Btabihtj of Preparation 04-95 at 50' Tfie 
sjmbols h3\c the same significance as in Fig 9 

a ta pical representatii c of present da}' albumin preparations as produced 
industnallj 


DISCUSSION 

The most sigmficant result of the studies reported herein is the increase 
in cloud point time and temperature of serum albumin solution with increase 
in chain length of the added fattj acid ion From these data, howcicr, 
definite conclusions maj not be drawn regarding the effects of the adde 
substances on the tw o reactions of the protein, denaturation and flocciila 
tion It is presumed that the two reactions are quite separate and that the 
latter must be preceded ba the former, that is, under the conditions of these 
expenments onlj denatured protein would be susceptible to aggregation 
into floes 

Two possibilities desene discussion if onlj to la} an appropriate basis 
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for further investigation of the phenomenon (a) The added substance 
may combine vnth the protein m its native state, giving nse to a product 
which IS not readilj' susceptible to denaturation by heat and, hence, to 
flocculation (b) The added substance may not combine to any appreciable 
degree with the protem in its native state Following upon heat denatura- 
tion, how'ever, combination may ensue with the added substance just as 
rapidly as opemng out of the molecule esposes appropnate points of com- 
bination (These, incidentally, are assumed to be free ammo groups and 
the ahphatic side chains of ammo acid residues, especially of those that 
carry the free ammo groups ) Association with the ammo groups 
(R — NHs"^) w'ould be through electrostatic attraction with the carboxyl 
group of the added substance (R' — COO”) Association with the non- 
polar groups would be through van der Waal’s forces which, considered 
m the aggregate, w ould increase w ith increase in length of the carbon chain 
of the added substance Either hj'pothesis necessitates the conclusion 
that the piotem-fatty acid amon complex is of much greater solubility than 
denatured protem itself Not excluded from consideration is a type of 
combination in which association with the protein is through the non-polar 
poition of the added amon, the caiboxyl group being immersed m the 
aqueous solvent 

A factor that may be involved in the vanable influence of the members 
of the homologous senes is that of a varjung afflmty of the acid amons for 
the protem Stemhardt, Fugitt, and Harns (19) have reported an increas- 
ing affinity of amons for egg albumin with increasing dimensions of the 
amon 

At present we are disposed to favor the hypothesis of combination with 
denatured protem, partly because the high temperature at which cloud 
formation ensues is, of itself, conducive to denaturation, and partly because 
the higher fatty acid salts (C 12 and up) 01 derivatives thereof possess some 
degree of detergent power It is possible that a sumlar detergent and 
hence denaturing property may be manifest m some of the lower fatty acid 
salts such as those that we have used An increase m temperature, inci- 
dentally, appears to enhance the denatunng effect of detergents (20) 

The comparatively high solubility of the protein-fatty acid amon com- 
plex, or at least its resistance to flocculation, may' be attributed to a mask- 
ing of all free ammo groups through combination ivith the fatty acid amon 
Such a combination would leave the protein wnth a relatively high negati\ e 
charge as conveyed by the free carboxyd groups of the protem molecule 
This, m turn, w ould militate against coalescence of particles and formation 
of a coagulum 

Several studies are now m progress which aie designed to throw further 
light on the data presented in this paper cloud point im estigations on 
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hoatccl proteln-f'ltt^ acid amon si stems before and after diahsis against 
03 m sodium chlonde, quantitatne determination of denatured protein 
in such SI stems b} a papain method, and electrophoretic anahsis 

SUMMAm 

1 V "cloud point” method, in wluch thm Mailed capillaries arc used ns 
containei'S, is desenbed for studies on the thermal coagulation of jiroteins 

2 Im estigation of manj preparations of human serum albumin show 
that, under the conditions of these experiments, a linear relationship exists 
between the loganthm of the cloud point time and the corresponding cloud 
point temperature This relationship max be expressed bv the equation 
log C P = at + 6 The slope, a, is determined m part b\ the protein 
concentration, the pH, and bx the nature of anx salts present, but is 
independent, xxathin limits, of the concentiation of sodium chloride 

3 Cloud point data, expressed as the 30 second cloud point temperature 
and the 65° cloud point time, are recorded for manx commeicial prepnra 
tions of human serum albumin 

4 \ low cloud point appears to be referable to changes in the albumin 
itself and not to contamination with globulins or salts 

5 The optimum pH for the high temperature thermal stabilitj of human 
serum albumin in 25 per cent solution and in 0 3 M NaCl was found to be 
0 G, xxath a secondarx optimum at pH 10 

6 Within the protein concentration range, 5 to 45 per cent, the cloud 
point was found to x arx inx ersely xxath the concentration of protein 

7 In confirmation of the obserx ations of others, the tl ( rmal stabilitj 
of serum albumin wa*' found to increase xxath increase of sodium chlonde 
content 

8 In a sx stem of constant mole latio, NaCl to protein, the cloud point of 
serum albumin xmries inx ei'selx as the protein concentration 

9 If the added electrolxte is a sodium salt of one of the lower fatti 
acids instead of sodium chlonde, the cloud point increases xxath ascent of 
the homologous senes, i e , xxath increase in length of the carbon chain 
The protectixe eftect of phenxl acetate is as great as that of xaleratc, while 
phenx 1 butx rate is about as effectix e as caprj late These conclusions apph 
to sj stems contaimng the tattx acid in the concentration of 0 15 to 0 3 xi 

10 Nephelometnc studies at 57° confirm, quahtatix elj , the results o 
cloud point studies in the 65-75° lange At 50° there is also quahtatix c 
agi cement except in the ca«e ot capioate and caprxlate 

The x\ ork desenbed in this pajier xx as done under a contract, recommend^ 
bx the Committee on Mediial Research, between the Office of Scien n 
Research and Dex elopinent and Stanford Unix ersitx 
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Di John Edsall of the Department of Physical Chemistry, Har%ard 
Medical School, proposed the expenment mth piopionate, which led, in 
turn, to investigation of the salts of higher fatty acids Much of the serum 
albunun and manj other proteins lequired foi this uork vere provided hj 
the Harvaid Plasma Fractionation Laboratory through the courtesy of 
Professor E J Cohn We are indebted to the Cutter Laboratones for 
much cordial cooperation and to Professor Linus Pauhng for assistance in 
interpreting some of the findings that came to light in the present studj 
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B supplement ^\ Inch n ns complete for -Group A, but u as devoid of tluomine 
for Group B A tlurd group of animals, Group C, n-as given the complete 
^ itamm supplement, but the quantit}’- of the basal diet vas limited to that 
nhich had been consumed bj the rats of Group B The effect upon fattv 
acid sj-ntheas due solely to the restnction of food mtake could thus be 
distinguished from anj specific effect of tluamine deficiency in the con 
^ ersion of dietarj carbohj drate into fatty acids 

EXPERIMENT 

Did and Feeding Experiment — ^The diet in all the expenraents compnsed 
10 pel cent of casein (Labco, vitamin-free), 84 per cent of glucose mono 
h} drate, 4 pei cent of salt mixture (13), and 2 per cent of agar To this 
Mas added 0 015 per cent of cod In er oil As it proved difficult todistnbnte 
the oilj supplement e\ enly throughout the diet, each animal a as given 0 1 
cc of Mtamin \ and D concentrate on the 5th, 12th, and 19th doj-s, and 
0 2 cc of linseed oil on the 10th day of the expenment The dailv v itamin 
B supplement contained 0 020 mg each of nboflavin and pyndoxine, 0 10 
mg each of nicotinic acid and calcium pantothenate, and 5 0 mg of choline 
chloride For Groups A and C this daily supplement vas reinforced inth 
0 025 mg of tluamine chlonde 

Each group compnsed fi\ e male lats of the Shennan strain, 25 to 27 dajs 
old and u eighing 32 to 46 gm The rats m ere kept in individual, mrc mesh 
bottomed cages and were neighed at frequent intervals The n eights of 
food and water consumed daily were noted The basal diet was offered 
ad libitum to the ammals of Groups A and B The animals of Group C 
recen ed each day the same quantity of food as had been consumed on the 
conesponding day b-^ the rats of Group B The weights of the rats and 
their food consumption aie recorded graphically in Fig 1 

On the 16th day of the expenment each rat was given hypodermicalh 
0 027 cc of 99 5 per cent D-0 per gm of body w eight, and, at the same tunc, 
the dnnking w atei w as replaced by 6 per cent D^O Water of this compo=i 
tion w as also used to dissolve the daily ntamm supplements from the lot 
dav on 

Isolation of Materials — On the 21st daj the animals were killed b\ a bio" 
on the head, the livers were immediately removed, pooled, and frozen m 
solid CO. Glj cogen was isolated essentiallj according to the meth o’ 
Ostem and Hubl (14), bj extraction of the ground organs with tnchloro 
acetic acid and subsequent precipitation with alcohol 

The carcasses were minced and samples of bodj water were disti o 
under reduced pressure 

After the extraction of glycogen, the residual solids from the In 
reunited with the carcasses, fiom which the lipids were extracted i a co 
and ether 
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The axtiacts i\ere taken up m peti oleum ether, and the solution nas 
washed with water and evaporated to dijmess The residue was hj- 
drolvzed bj refluxing foi 2 houis with an excess of 10 per cent ethanohc 
KOH The pioduct was diluted with an equal volume of water, the non- 
saponifiable material was exti acted with peti oleum ethei, washed, and 
final]}’- dned m lacuo ovei PiOs 



Fig 1 Three groups of joung male rats have been kept on a high carbohj drate, 
fat free diet, with the following provisions Group A, complete diet, offered ad libi- 
tum, Group B, diet lacking in thiamine, offered ad libitum. Group C, complete diet, 
restricted in quantity to the amount consumed bj Group B A.fter 16 daj s, the body 
fluids of all the animals were enriched with D 0 and kept nt constant level for S 
dajs The bod\ weights and the total amounts of food consumed per rat have been 
plotted against time 


The non-saponifiable fraction was dissolved in about 10 volumes of ether 
and treated at 0® w ith 5 volumes of a 3 2 per cent solution of bromine in 
acetic acid After half an houi the cholesterol dibromide which had pre- 
cipitated was filtered ofif, washed with acetic acid, and then with water, and 
dned and reconverted into cholesterol by the method of Schoenheiiner (15) 
Foi deuteiium anal}sis, the product was twice iecr}stalhzedfiom methanol 
and finally dned over P^Os tn lacito at 100° In each case the melting point 
was 140 5-147 5° 

The crude total fatti acids weie liberated, taken up m petroleum ethei, 
washed, dried, and evapoiated to di}'Tiess 
Samples of saturated fattv acids were obtained from the total ciiide fattv 
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acids bj precipitation of their lead salts (16, 17) The lead soaps insoluble 
in cold alcohol 'lere dissoh cd in boiling ethanol, freed by decantation from 
an insoluble paint-hhe residue, and reprecipitated by cooling The rc- 
crj-stallized product as decomposed m ith HCl and the saturated f attj acid 
fraction isolated 

The alcoholic solution of the soluble lead soaps uas treated mth 
filtered, ei aporated to a small volume, and diluted mth uater The liquid 
fattj acids uere extracted mth petroleum ether, the solution vas dned 
o\ er XajSO«, concentrated, cooled to 0°, and treated dropuise mth bromine 
until a broivn color persisted After 18 hours in the refngerator, the spar- 
ingly soluble tetra- and hexabromides (18) were filtered off and washed 
with cold petroleum ether 

The petroleum ether filtrate w as evaporated m a stream of X* and the 
dibromo acids dissoh ed in a small \olume of absolute methanol This 
solution was refluxed with an excess of zme dust for 2 hours, with the a\ 
elusion of moisture Thereupon 1 5 i olumes of 5 n HCl in drj methanol 
were added and boiling contmued for about 4 hours The residual zinc 
was removed bj filtration, water was added to the filtrate, and the methyl 
esters of the singly unsaturated fatty acids were extracted with petroleum 
ether The petroleum ether solution w’as washed with aqueous KiCOj, 
then with water, and finally dried and evaporated to dryness From 
analyses of the methyl esters, the deutenum contents of the smgl} unsatu 
rated fattj acids were calculated (Table I) 

Tlie methj'l esters w ere oxidized at the position of the double bond bj a 
modification of a method desenbed by Armstrong and Hilditch (19) 4 

sample was treated m drj' acetone solution with 6 times its weight of finch 
powdered potassium permanganate which was added to the boilmgsolu 
tion m small portions o\er a penod of 2 hours The mixture was then 
further refluxed for 18 hours, with the exclusion of moisture The acetone 
was distilled off and the residue suspended in water Na-SOj and H>S0i 
w ere added altematelj to decolorize the solution and make it acid to Congo 
paper The mixture of acidic products and luichanged ester was carefulh 
extracted wuth ether and the ethereal solution washed, first with bnne an 
then with 20 per cent aqueous K-COj The ether laj'cr was found to con 
tarn 15 to 20 per cent of incompletelj' oxidized neutral matenal To com 
plete the hj drolj sis of the azelaic acid monomethj I ester, 2 per cent o M i 
KOH was added to the KjCOj solution and the mixture boiled for 1 w 
On acidification, the free acids were extracted with several portions o et er 
After remo\ al of the solvent, the semisohd residue was distilled 
of steam, the x olatile pelargonic and heptoic acids were extracted ‘ 
distillate with ether, and the ethei e\ aporated The residual oi “ 
sohed in absolute ethanol and neutralized with saturated aq 



G E EO\ER VND D STETTEN, JR 


611 


Ba(OH) Tlie bauuni salts, crystallized on cooling, were collected 
bj centnfngation, ashed \\ith a small a olume of ethanol and water, and 

Table I 

Uplalc of Deuterium by Body Conshtiienis in Rats Kept on Diets Described tn Text, 
and Supplied with DiO tn Their Body Fluids 


All 'R eights represent average \alucs The isotopic composition is given (I) as 
the actual analytical figure and (2) recalculated on the basis of 100 atom per cent 
deuterium in the body nater 



1 Group A 

Group B 

Group C 

W eigh t 

Deuterium 

content 

. 1 

cjffh t 

Deuterium 

content 

Wciffht 

Deuterium 

content 

(1) 

(2) 

(1) 

(2) 

(!) 

1 



atom 

atom 


atom 

atom 






per cent 

per cent , 


per cent 

per cent 




Net weight of rat 

73 4 



41 4 



43 2 



Dned, defatted car- 










cass 

18 4 



10 0 



11 4 



Body water 


2 88 

100 0 


2 03 

100 0 


3 26 

100 0 

Total fatty acids 

4 437 

0 73 

25 4 

0 565 

0 46 

15 7 j 

0 608 

0 72 

22 0 

Saturated fatty acids 


0 91 

31 6 


0 70 

23 9 




Singly unsaturated 










fatty acids 


0 60 

' 20 9 


0 52 

17 7 




Azelaic acid 


0 57 

19 8 


0 41 

14 0 

j 



Pelargome, hep- 

1 









toic acids 


0 63 

21 8 


0 46 

15 7 




Cholesterol 


0 57 

1 19 7 

1 

i 0 28 

9 4 

1 

0 28 

8 5 

Liver glycogen 

0 081 

0 54 

: IS 7 

0 005 

1 2 

41 0 

0 001 



Glutamic acid from 










body protein 


0 54 

18 7 


0 26 

8 9 




Tyrosine from body i 



1 







protein 


0 09 

1 31 


0 09 

3 1 





dried at 100° ovei P 2 O 5 The yield w as about tn o-thn ds of the anticipated 
amount 


Ba, theory for barium pelargonate, 30 2 per cent 

“ heptoate, 34 1 ‘ “ 

" found, sample from Group h, 32 1 “ " 

II II II II 11 B 31 0 " " 

The non-volatile residue from the steam distillation nas recrysfallizcd 
from w ater, mth the aid of nont The pi oduct melted at 98-101° After 
one more recrystallization from nater the melting point nas 104° and nas 
not depressed on admixture of an authentic sample of azelaic acid 
Fiom the proteins of the bodies of the animals in Groups A and B glu- 
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THIAMINE IN SI'XTHESIS OF FAm ACIDS 


t-amic acid and tiTosme m ere isolated The defatted tissue u as h} droh zed 
b} boiling for 15 hours under a reflux with 20 per cent HCl The solution 
Mas filteied, treated uith norit, concentrated to a a^-rup, saturated mth 
gaseous HCl at 0°, seeded uith glutamic acid hjdrochlonde, and allotted to 
stand in the refngerator for several days The resulting precipitate ttas 
collected by centnfugation and u ashed nith cold concentrated HCl The 
product ttas punfied bj repeated solution in hot water and precipitation 
ttith HCl gas 

CsHioO.NCI Calculated, N 7 62, found (Kjeldahl), 7 60, 7 59 

After removal of the glutamic acid hjdrochlonde, the remamder of the 
hjdroljsate was again concentrated tn vacuo, and most of the HCl was 
reraot ed Enough water was added to give a thm sjTup and the pH ad 
justed to approximately 5 bj the addition of NaOH and sodium acetate 
The precipitate that formed was collected and treated for half an hour at 
room temperature with 5 per cent NaCN solution, m order to decompose 
anj cj Stine , the undissoh ed matenal w as centrifuged off and the sediment 
w ashed five times w ith 2 5 per cent NaCN solution The supernatant and 
washings were combined, acidified with acetic acid, and concentrated to a 
small \ olume The tj rosine w hich separated on cooling was reco’stalhzed 
from water 

The deutenum contents of the matenals isolated are given in Table I 

DISCUSSION 

In the grottiih cun es of the three groups of animals the effect of thiamine 
deficiency upon bodj weight becomes manifest after 7 to 10 days The 
effect of thiamme deficiency upon the appetite, and consequentlj , upon the 
food consumption, appeared considerablj earher The failure of growth 
and ultimate loss m weight resulting from thiamine dehciency (Group B) 
are almost paralleled in the animals of Group C, which received thiamme but 
were restncted in quantity of food to that consumed bj' the thiamine-de- 
ficient rats 

The bodies of the animals m Group A contamed 7 to 8 tunes as roue 
fattj' acid as those in Groups B and C The effect of inadequate diet on 
the quantitj of non-fattj material was less stnkmg The weights of t e 
dned, defatted tissues of the animals m Group A were less than twice tb<w 
found in Groups B and C Gljxogen had almost disappeared from e 
In ers of the ammals in Groups B and C ' i, i tal 

From the concentrations of deutenum m the body' water and ^ ^ 
fatty acid samples, it is possible to estimate the quantitj of neidj 
sized fatty acid that had been deposited dunng the penod of D«0 a 
tration Rittenberg and Schoenheimer (11, 20) hav e shown that a 
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are maintained on a fat-liee diet with then body fluids eniiched with heavy 
water, the ma\inium deiiteiium concentiation aclne^ed m tlie bodj latty 
acids IS ^ eiy neaily half that in the body watei This value being accepted, 
the calculated niimmum quantities ol fleshly synthesized fatty acid that 
were deposited m each group of animals dunng the last 5 days of life weie 
2 X 4 44 X (0 73/2 88) = 2 25 gm in the animals of Gioup A, 2 X 0 57 X 
(0 46/2 93) = 0 18 gm in the animals of Group B, 2 X 0 61 X (0 72/3 26) 
= 0 27 gm in the animals of Gioup C These lesults indicate that the 
loss in fat, whether the lesult of thiamme deficiency oi of lestncted food 
intake, is referable to a veiy marked letaidation of deposition of newlv 
synthesized fatty acids, lathei than to any evcessive mobilization and 
catabolism of depot fat They show, fuithennoie, a quantitatne and 
qualitative similarity in the piocesses that resulted in loss of fat in the 
thiamme-deficient lats on the one hand and in the lats on lestncted rations 
on the other hand 

The supposed specificity of the lelationship of dietary thiamine to w vivo 
s 3 mthesis of fat has been questioned by othei investigators One of the 
lines of evidence upon which this supposed specificity is based is the fact 
that on a carbohydiate diet choline deprivation does not lesult m fatty 
liver unless thiamine is adequately supplied (5) How’evei, lestnction of 
the diet wth legaid to constituents othei than thiamine will likewise inter- 
fere with the development of fatty hvei Thus limitation of the calonc 
intake to one-thnd of noiinal (21, 22), lestiiction of salt intake (23), and 
even the ngorous evclusion of lipotropic agents (24) have been shown to 
interfere with the development of fatty livei Sinularlv, if nonmal gi ow th 
IS impeded by eithei thiamine deficiency oi feeding of excessive nicotin- 
amide, choline deprivation does not produce fatty h\ei in rats recoienng 
fiom partial hepatcctomy (25) 'Wheieas the administiation of thiamine 
to thiamme-deficient animals resulted in a marked increase in bodj fit, 
the administration of pantothenic acid plus pyiidoxine to animals deficient 
in these fractions of the B complex provoked a very similai response (26) 

For the synthesis of fat to proceed noimally, in adequate nutntion must 
be maintained, for which a supply of thiamine la a necessaiy but not suffi- 
cient condition The finding, in the present experiment, of no importint 
analytical diffeiences between the ammals of Groups B and C stionglj 
suggests that the loss of fat in the thiamine-dehcient gioup (B) icsiiJted 
piedommantly from the loss of appetite and coiibcqueiit diminished food 
intake and was not the immediate result of any specific effect of thiamine 
deni'atives upon products of caibohydiate metibolism 

The isotopic composition of the fatty acids synthesized by rats in the 
presence and absence of dietary thiamine revealed no important differences 
The satmated fatty acids were nchei in deuteiium than the unsatunted 
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aads, as has preYT 0 usl 5 '’ been shown by Schoenheuner and Rittenberg 
(11, 12) In their studies, the matenal analyzed was the total unsaturated 

fattv acid fraction The fact that the more highly unsaturated, nutn 
tionally indispensable acids acquired no deutenum, under the experimental 
conditions, suggested that the difference observed m isotope content of 
saturated and unsaturated fatty acids might be due to the presence of 
varying amounts of deutenum-free Imoleic and hnolemc acids rmxed mth 
smgly unsaturated acids (20, 27) The present experiment indicates that 
this suggestion only partly accounts for the facts, for m this case the un- 
saturated acids analyzed ivere freed of the more highly unsaturated acids 
The difference m deutenum contents of saturated and smglj unsaturated 
acids IS taken to mean that there is a difference m the tumov er rates of 
these substances It is improbable that the tv o types of fattj acids are 
synthesized by unrelated routes A hkely explanation is that the pnman 
iducts of fattj' acid synthesis from carbohydrate precursors are the satu- 
^ted fatty acids, and that oleic and palmitoleic acids are formed sccondanlj 
bj' dehydrogenation at the 9 , 10 position (17) Such an interpretation is 
m accord with the “hardemng^’ effect of a high carbohydrate diet upon the 
body fat recently remvestigated by Longenecker (28) 

To mvestigate the distnbution of isotope along the fatty acid cham, the 
smgly unsaturated fatty acids were subjected to oxidative cleavage at the 
9 , 10 position Azelaic acid was isolated on the one hand, and a mixture 
of pelargomc and heptoic acids on the other Deutenum analyses of these 
fragments clearly shoved that the isotope was nearly equallj' distnbuted in 
both halves of the molecule This had previously been reported for normal 
animals by Schoenheimer and Rittenberg (11) The presence or absence 
of thiamme did not influence t his distnbution 

In addition to the fatty acids, vanous other substances have been isolated 
from the bodies of the rats, and their isotopic composition detennmed 
The differences m the quantities of cholesterol recovered from each of the 
three groups of animals v ere shght From essentially identical quantities 
of non-saponifiable matter, the jnelds of cholesterol dibromide corresponded 
to 60, 60, and 80 mg of cholesterol m the bodies of the ammals of Groups 
A, B, and C respectively The isotope contents of these samples, hovever, 
mdicate that approxufiately half as much cholesterol had been sjmthesized 
per rat m the animals of Groups B and C as m the ammals of Group A 
As the rats of Group A veighed about twice as much as those of the other 
groups, the quantity of cholesterol synthesized per gm of rat had not 
changed sigmficantly m response to the vaned conditions of diet 

> glycogen reserves of the livers of the animals in Groups B and C v ere 
depleted at the time of death Whereas m the sample of laer 
obtamed from the rats of Group A about 2 out of every 10 
had arisen from the bod j' v ater, in the very small sample isolat 
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from Group B about 4 out of every 10 had arisen in this fashion The 
sample obtained from Group C was too small to permit deutenum analysis 
The interpretation of these figuies wll be postponed until a study of the 
problem of glycogen turnover, now in progress, has been completed 
The glutamic acid isolated from the body protems of the rats of Group A 
was about tivice as nch in deutenum as that obtained from the thiamme- 
deficient animals On the basis of the studies of the stability of the -vanous 
H atoms in the glutamic acid molecule (29), it may be estimated that about 
tuo-thirds of all the glutamic acid present in the control animals, and about 
one-third of all present m the deficient animals, had been freshly sjmthesized 
in 5 days 

The carbon skeleton of tyrosme cannot be formed m the body of the rat 
(30) and the only known means whereby deutenum may be introduced into 
the molecule in the course of normal metabolism is at the a position in the 
process of de- and reamination (31) Both the control and the thiamme- 
deficient animals incorporated about one-third of the deutenum theoreti- 
cally possible mto their tyrosine molecules 

SUMMARY 

Three groups of young male rats were kept on a high carbohydrate, fat- 
free diet, with the followmg provisions Group A, complete diet, offered 
ad bbilum, Group B, diet lackmg m thiamine, offered ad libitum, Group C, 
complete diet, restncted in quantity to the amount consumed by Group B 
After 16 days, the body fluids of all the animals were ennched ivith D.O 
and kept at constant isotope level for 5 days 
In Groups B and C, the quantity of newly synthesized fatty acid de- 
posited, calculated from the isotope values, was much less than m Group A 
The findings indicate that the decrease in fat content in rats on thiamine- 
deficient diets results from failure of synthesis and deposition of fattj acids, 
and that this failure is attnbutable chiefly to the diminislied food intake 
ratlier than to any specific action of thiamine 

The saturated fatty acids were found to be consistently ncher m deute- 
rium than the singly unsaturated fatty acids This fact was taken to 
support the belief that the saturated acids are the pnmary products of 
fatty acid synthesis in rats, and that oleic and palmitoleic acids are formed 
from these by secondary dehydiogenation The distnbution of deutenum 
along the fatty acid chain v as found to be approximatelj uniform in the 
fat from both Groups A and B 
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THE EFFECT OF DIETARY CHOLINE UPON THE RATE OF 
TURNOVER OF PHOSPHATIDE CHOLINE* 
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(Received for publication, Februarj 28 1SM4) 

One of the striking features of so called choline deficiency is the finding 
that, ei'en though the diet is sufficiently pool in choline and its precursors 
to produce severe fatty liver and hemoirhagic kidney lesions m the rat, 
the analytical content of chohne in the animal need not fall beloii normal 
leiels (1, 2) From this it appears that the chohne already present in the 
phosphatides of the animal body is not effectively utilized by the animal in 
the prevention of these pathological lesions The animal seems to require 
a continuous supply of “new” cholme, ansmg either from the diet or by 
sjTithesis fioni suitable precursois, in older to maintain a normal lei el of 
liver fat 

It nas, therefoie, considered of interest to determine the rate at nhich 
dietaiy or freshly sj nthesized chohne was being incorporated into the body 
phosphatides of rats and to study the effect of the Ie\ el of dietarj chohne 
upon this rate The technique employed in this study has been to folloii 
the appeaiance of N‘® in the chohne of the liver and caicass phosphatides 
of rats kept on a high fat diet amply supplemented ivith chohne labeled wth 
heavy nitrogen but otherwise poor m lipotropic factors, then, to follow the 
disappearance of isotope from these same fractions in the sunuv mg animals 
during a subsequent penod of chohne deprivation 

EXPERIMENTAL 

Preparation of Chohne Containing N '^ — Isotopic tnmethylamine hydio- 
chloiide was prepared by the proceduie of Adams and Alanml (3), and tn- 
methvlamine liberated bj^ the addition of an excess of NaOH and swept 
with a stream of Nj directly into a bomb tube containing a 10 per cent ex- 
cess of ethylene chloiohydnn, cooled m drj ice (I) After all the tnmethj 1- 
amine had been tiansferred, the tube was sealed and heated for 3 hours at 
85-90° The resulting crystalline mass was dissolved in boiling absolute 

* This work was earned out with the aid of a grant from the Josiah Macj , Jr , 
Foundation 

t This report is from a thesis submitted bj George Ernst Boxer in partial fufil 
Blent of the requirements for the degree of Doctor of Philosopln in tlie Facultx of 
Pure Science, Columbia University 
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diet, the quantitj of food consumed, and the knoum methionine contents 
of casein, egg albumin, and fibnn (10), the quantitj of methil groups in 
the diet ai adable for choline synthesis may be calculated if the stoiehio 
metncal lelationship of 3 2 mg of methionine to 1 mg of chohne be a-- 
Slimed The i aliditi of this latter assumption is supported bi the finding 
of Gnffith and IMulford that 3 to 4 mg of niethiomne are biologicalli 
equn alent to 1 mg of chohne (11) On this basis, the rats in the present 
expenment dem ed enough methyl groups from the diet to account for 2 3 
mg of chohne per daj 


Table I 


Weight and Isotopic Composition of Substances Isolated 
To si\ groups of five rats each a dietary supplement of SO mg of chohne chlonde 
containing I 93 atom per cent excess was given for 5 da>s Groups of animals 
Here killed at 3 dai intervals thereafter nhile maintained on a basal diet devoid of 
chohne and poor in protein Choline has been isolated from the lipids of liier and 
carcass of each group of animals, and analyzed for isotope 
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The concentrations of in the samples of choline isolated from the 
lipids of the cai casses and In ers of the first group of ammals killed gii es 
ei idence of imusually umfoim distnbution of the labeled dietai-j molecule 
The experience nith amino acids labeled with N'® has been, in geneial, that 
w hen fed for a short time, bih resultmg isotope concentration m the In er 
is about 3 times as high as in the caicass In the present experiment, the 
administration of labeled choline for 5 days resulted in an isotope concen- 
tration in the carcass choline ver 3 nearly as high as that in the choline of 
the liver This finding indicates the rapidity vith vhich cholme is dis- 
tiibuted to \ anous parts of the bodj when it is amplj' supplied in the diet 

The isotope concentration achieved m the cholme of the body lipids in 

5 days is very nearly half of the isotope concentiation m the cholme fed 
Fiom the expression 

a rough estimate may be made of L, that fraction of phosphatide cholme 
arismg per unit time from dietarj cholme dunng the first 5 da} s of the e\- 
penment, while the animals weie ingesting relatively large amounts of 
isotopic cholme The imax lepresents the maximum concentration of N'® 
in the mtrogen of the bod^ phosphatide cholme obtainable on prolonged 
feedmg of isotopic cholme, and t represents the isotope concentration 
actuall} found at time t The value foi imar is assumed, in the following 
calculations, to be equal to the isotope concentration of the dietan cholme 
As this maximum could be achiex ed onl}'" if no source of non-isotopic cho- 
line were present, and as non-isotopic cholme is sjnthesized to at least a 
small extent, tne value assigned to is certainly greater than that w Inch 
w ould be approached experimentalh Therefore the calculated I, = 0 1 14 
daj^' must be less than the tiue value and the half life time h = In 2/L = 

6 1 daj's, greater than the tine value This figure for the half time of the 
replacement of phosphatide cholme bj'^ dietarj’’ cholme m ammals on a diet 
supphed wnth ample cholme is m agreement with the coiiesponding value 
of 5 1 days, calculated from the data of Stetten (12), for adult animals on a 
different diet 

With the cholme content of the lipids of our animals taken as constant 
at about 34 mg , it follow s that the animals, w hile receiv mg isotopic cholme 
in their diets, replaced appioximately 34 X 0114 = 39 nig per dav of 
phosphatide cholme bj dietarj cholme contammg 

As soon as the feedmg of isotopic cholme was stopped, the isotope concen- 
trations of the cholme samples isolated started to drop This decrease w as 
more rapid m the liver than m the carcass, suggesting that the hv er w as an 



622 


TURNOVER OF PHOSPHATIDE CHOLINE 


active site for the synthesis of new, non-isotopic chohne The fraction, I, 
of phosphatide chohne replaced by “new” chohne per unit tune is now 
gi\en by the expression 




1 

l 



t 


where to represents the isotope concentration in the lipid chohne on the 5th 
day of the expenment and t the isotope concentration at time t thereafter 
In Fig 1, the values of In (to/t) for chohne from carcass and liver lipids are 
plotted against tune 



Fig I To si\ groups of five rata each a dietary aupplement of SO mg of chohne 
chlonde containing I 93 atom per cent excess b'* vas given for 5 days Groups of 
animals vere killed at 3 day intervals thereafter, while maintained on a diet devoid 
of chohne and poor in protein Chohne has been isolated from the hpids of hver and 
carcass of each group of animals, and analyzed for isotope The isotope content of 
the chohne on the 5th day of the expenment was designated to, the isotope value on 
any day thereafter ns t Values of In to/t are plotted against time in dajs The 
best fitting straight line was determined by the method of least squares 


Bv inspection it appears that the replacement of cholme m the carca's 
lipid proceeds at a constant rate The same can be seen for the chohne 
from the liver lipid for the period from the 8th to the 20th day, the same 
penod dunng which the analytical amount of chohne m the hver hpi 
stayed fairly constant The rate of disappearance of isotope from the 
of the hver lipid chohne between the 5th and 8th days cannot readily e 
interpreted, since dunng this penod the cholme content was decre^ng 
The values of k for the liver and carcass, dunng the penod of c o me 
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depnvation, have been estimated by determining, by the method of least 
squares, the slope of the straight line best fitting the experimental pomts 
plotted in Fig 1 For the carcass, the whole penod has been included, for 
the liver, the interval between the 8th and 20th days These figures w ere 
found for the carcass cholme to be ^ = 0 037 db 0 002 day"^ and <} = 18 9 
days, and for the liver cholme, for the last 12 daj s, A. = 0 055 rt 0 004 dajf"' 
and tj = 12 5 days Whereas these latter figures may represent the true 
rate of replacement of cholme m the liver phosphatide of animals on an 
ahpotropic diet, it seems more likely that the decrease m concentration of 
isotope in this matenal has been retarded by transportation, at constant 
rate, of choline nch in N“ from the carcass to the liver 



Fig 2 Weighted averages of N“ concentrations in total body choline have been 
calculated and plotted on the same coordinates as were used in Fig 1 

In order to determme the rate at which phosphatide cholme is replaced 
by new , in this case non-isotopic, cholme in the animal as a w hole dunng 
cholme deprivation, weighted averages of the isotope concentration m the 
total lipid cholme have been calculated These figures have been plotted 
agamst time with the same coordinates as pieviouslj (Fig 2) The slope 
of the best fitting straight line, determmed by the method of least squares, 
was A = 0 039 d= 0 002 daj^* and l\ = Yil daj s If the content of chc’me 
in the total lipids of the bodies of our rats again is ^aken as 34 mg , it follows 
that durmg the penod of cholme deprivation, 34 X 0 039 = 1 3 mg per 
rat per day of new, non-isotopic cholme replaced isotopic chohne prei loiislj 
present The methyl groups from the methionine of the diet will amplj 
account for this rate of chohne sjoithesis 
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It IS permissible directlj to compare this rate mth the previouslj esti- 
mated rate of the replacement of phosphatide chohne by dietary choline 
Both figures represent the rate at which new cholme, that is choline not 
preiuously a part of a phosphatide molecule, entered the phosphatides 
When cholme was supplied in the diet at a level of 50 mg per rat per daj , 
the rate at which new choline entered the phosphatides was estimated as 
3 9 mg per rat per daj WTien no supplementarj cholme was given, this 
rate dropped to a value of 1 3 mg 

Since fatty livers developed in our ammals while the total quantity of 
cholme present in the phosphatides remamed constant, and since when 
cholme was supphed in the diet a 3-fold increase was noted m the rate of 
incorporation of cholme into the bod}'' phosphatides, it is proposed that 
the development of fattv liver is intimately connected with the rate at 
which the choline phosphatides are turned over in the body while their 
quantity lemams constant This view is in accord with the findings of 
Perlman and Chaikoff (13) who have demonstrated, under evpenmental 
conditions different fiom ours, that the admmistration of cholme to rats 
markedly accelerates the rate of turnover of the phosphorus m the phos 
phatides 

From the pomts in Figs 1 and 2 theie is no evidence of any change m 
the mechamsm of cholme metabolism at about the 7th day, which could 
account for the regression of leiial disease noted by Gnffitli and Wade 
(14, 15) It IS perhaps worth noting that in their experiments 1 to 2 mg 
of cholme sufficed to prevent the renal damage, which is approximatel) 
vv hat the rats in the present experiment vv ere able to sjuithesize It is of 
interest also that the results of Jacobi, Baumann, and Meek (1) show a 
sjmthesis of at least 1 mg of choline per day in rats mamtained on a chohne 
free diet 


SLVniARY 

With the aid of isotopic (N'^) cholme, the rate at which this constituent 
of the phosphatides is replaced in lats has been determined, both on an 
adequate and on an alipotropic diet MTien cholme was fed, the half life 
of phosphatide chohne was about 6 days, and the daily replacements o 
cholme in the phosphatides, 3 9 mg pei rat 'When no tholine was fed, 
while the rats were developing seveie fatty livers, the half life of 
increased to 18 days, and the dail} replacement decreased to 1 3 mg ® 
effect of cholme depnv ation has been markedly to retard the rate of m 
corporation of new chohne into the phosphatides of the bodj without a ter 
mg the quantity of choline in the phosphatides It is proposed that t « 
appearance of fatty liver is refeiable to this change m the rate at w iic 
dietary or freshly s5Tithesized cholme enteis the body phosphatides 
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The authors iwsh to express then thanks to Mr I Sucher for the mass 
spectrometric analyses of the mtrogen gas samples 
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Of the many and diverse peptidase activities present m mtestinal mucosa, 
the most frequently studied were the enz}Tnes hydrolyzmg leuc 3 lglj’'cine 
and leucylglyc}dglj’'cme Earlier investigators of the enzymatic splittmg 
of leucylglycine, alanylglycine, and glycylglycme derived from their ob- 
servations the impression that a smgle dipeptidase was being studied 
Lmderstr0m-Lang (1), hovever, demonstrated that the two dipeptides, 
leucylglycme and alanylglycme, were split by distmct enzymes which could 
be differentiated on the basis of different stability and pH optima One 
of these enzymes, designated leucylpeptidase, was assumed to hj’'drolj^ze 
leucylglycylglycme and leucyldiglycylglycine as w'ell as leuc 3 dglycme 
Thus, the older theories of peptidase specificity relatmg to a dipeptidase, 
an ammopeptidase, and an occasional carboxypeptidase as the sole com- 
ponents of the mtestmal erepsm w'ere shown to be erroneous Smce then 
evidence has been brought ^rward mdicatmg the existence of additional 
types of enzymes m mtestmal mucosa such as prolmase (2) and prolidase (3) 
Most of these earlier results were obtamed by the use of enzymes, which 
w ere purified by the adsorption-elution technique and with the help of all 
too few substrates More recently it was discovered that the activity of 
vanous peptidase preparations obtamed from glycerol extracts of mtestmal 
mucosa by precipitation with acetone w'as decreased on dialysis or absorp- 
tion and could be partially or totally restored by the addition of various 
metal ions (4) Moreover, it ivas demonstrated that the restoration of the 
activity towards leucylglycine, as produced by the combmation of the 
activatmg metal ion ivith the inactivated peptidase, is a time reaction (5) 
Thus, one of the mtestmal peptidases w'as showm to be a conjugated protein, 
although m a sense somewhat different from Willstatter’s frequentl 3 cited 
theory which postulated that each enz 3 me consists of a colloidal carrier and 
an active group regarded as responsible for the enz 3 matic specificiti It 
is shown below that prohdase is also a manganese protem compound 
The experiments reported m this commimication were undertaken with 
the mtention to differentiate, charactenze, and purifj several of the pep- 
tidases present m mtestmal mucosa Because of the present war emer- 
gency, this work had to be termmated before it had attamed its goal 
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l-Leucine-arntmexopepltdasc 

The enzjTne discussed m this section corresponds to Linderstrpm-Lang’s 
leucylpeptidase 

Preparation and Specificity — ^The activity of leucine-anunoexopeptidase 
may be easily differentiated from most of the other activities present in 
crude aqueous extracts of mucosa by a precipitation mth acetone followed 
by a fractionation ivith ammonium sulfate 

345 gm of mucosa from twenty-five 2 to 3 foot lengths of the upper end 
of hog duodenum w'ere ground with 35 gm of sand and 350 cc of water 
The extract was centnfuged and the mucosa reextracted with 350 cc of 
water The combmed yellownsh opalescent extracts (Preparation A) 
consisted of 650 cc and contained 3 98 mg of protem N per cc The 
proteoljdic coefficient for Meucylglycme, C^g. was 0 062 Preparation A 
represented 80,500 enzjme umts, as defined earlier (6), corresponding to 31 
leucme-ammopeptidase units per mg of protem X 

The precipitate ob tamed by mixmg chilled Pieparation A ivith an equal 
volume of cold acetone was collected and thoroughly washed with acetone.' 
The dned powder (16 8 gm ) was twice extracted with water at 40°, and the 
solution clanfied by filtration with Celite This solution (Preparation B) 
consisted of 360 cc , and contamed 1 30 mg of protem N per cc Cio "as 
0 35 Preparation B contamed 82,000 enzyme units, corresponding to 175 
units pei mg of protem N 

To 350 cc of Preparation B were added 84 7 gra of ammomum sulfate 
to bnng about a 40 per cent saturation The precipitate was discarded 
and to the clear solution (Cehte filtration) weie added 48 gm of ammonium 
sulfate to give a 60 per cent saturation The precipitate was collected and 
dissolved m water After dialysis in the cold against distilled water, the 
inactive precipitate was filtered off and discarded 66 cc of a clear, famtly 
vellowTsh solution (Preparation C) were obtamed It contamed 03GO 
mg of protein N per cc Clg was 2 1 Preparation C corresponded to 
25,000 enzyme units and contamed 1050 units per mg of protem N 4 
34-fold purification w'as thus obtamed and a yield of 31 per cent of the 
onginal activity of Preparation A The punfied preparation was stable 
for many weeks when kept m the cold under toluene A lyophihzed prep- 
aration kept for several months m the dry state m the cold had not lost 
any of its activity when redissolved and tested in the presence of Mn++ 

Table I mdicates that the bulk of the activities present m the crude 
mucosa extract. Preparation A, was removed in the course of further pun 
cation Several conclusions may be drawn from the data presented in 

* The crude, dry Bolid may be kept in the desiccator for months with no apparent 
loss of activity 
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Table I For example, 99 per cent of the activities tow ards Z-alanylglj^cine 
and glvcylglj cine has been removed and, therefore, must be due to an 
enz5Tne or enz Junes distmct fi om leucine-armnoexopeptidase However, the 
small residual actmties ton ards these substrates may or maj^ not be due to 
the leucme-ammoexopeptidase It mil be noted that the activity ton ards 
d-leucjdglycme has been reduced from one-eighty-second m Preparation A 
to less than 0 00005 in Preparation C of the activity towards the I isomer 

Table I 

Acliviltes of Crude and of Purtfied l-Leuctne amtnoexopeplidase Preparations towards 

Various Substrates 

For the crude extract (Preparation A), no activator was added for the tests, since 
no activation nas detectable For the other tests, the enzyme nas incubated with 
0 02 M MnSOi buffered at pH 8 0 at 40° for 3 to 4 hours A test aliquot was then 
added to the buffered peptide solution 


1 

Substrate 

Proteolytic coeffir 

nt C 

Yield 

Preparation 

A 

Preparation 

B 

Prcoaration 

C 

(-Leuoylglyoine 

0 062 

1 

0 35 

2 1 

Per cent 

31 

d-Leuoylglycine 

0 00076 

0 0010 

<0 0001 


i-Leucylglyoylglj cine 

0 lit 

0 55t 

2 2 

IS 

(-Leucinamide 

0 022 


1 0 

42 

Glj cjlglycme 

0 025 


0 0065 

0 24 

Benzoj 1-Z-argininamide 

Glycyl-1-leucine 

0 0005 

0 034 


<0 0001 

0 012 

0 32 

Z-Alanj Iglj cine 

0 26 

0 042 

0 17 

0 60 

Glj cyl-Z-proline 

0 015 


0 035 

2 1 

Z-Prolylglycine 

0 035 


0 027 

0 71 

Glycyl-Z-alanine 

Z-Leucyl-Z-leucj Iglycine 

Benzoyl-Z-leucj Iglj cine 


i 

0 021 

1 6 

<0 0001 

1 


100 X total activity of Preparation C 

* lields are given as ; : rv; ; z 

total activity of Preparation A 

t Initial C values 


This appears to be conclusive evidence that distmct enzjunes cause the 
splittmg of the ti\ o stereoisomeric peptides 

The kinetics of Z-leucme-aminoexopeptidase are complicated bv the fact 
that the enzjune, m the course of purification, becomes increasmgly respon- 
sive to activation bj Mn++ or Mg++ Moreover, nhen samples of the 
purified enzjune are incubated at pH 7 8 to 8 0 mth Mn"*^ ions, before the 
substiate is added, the enzvmatic actmty mcreases during the first feu 
hours Longer incubation, houeier, produces a considerable decrease of 






630 


PEPTIDASES OP INTESTINAL MUCOSA 


enzymatic actn ity and after an incubation period of 24 hours about 95 
per cent of the activity is lost (Table II) 

This behavior is the same whether the substrate is Z-leucylglycme, lieu 
cj'lglycylglycme, or Z-leucmamide The fact that both the reaction of 
I\In++ wuth enzyme and the subsequent mactivation nm approximately 
parallel for the three substrates suggests that all three substrates are 
hydrolyzed by the same enzyme 

The enzyme which is responsible for the activit 3 ’’ of Preparation C towards 
7-leucjlglycme cannot be called a dipeptidase, since it sphts I leucylgljcj’l 
gl}'cme, Z-leuc 3 d-Meucylglycme, and Weucmamide as fast as f-leucylghTine 
The splitting of leucmamide mdicates that the enzyme does not require a 

Table II 

Effect of Incubalton of l-Leucine-amtnoexopeptidase with MnSOt upon Its Aclmly 
towards Several Substrates 

The enzyme (protein N = 36 7 per cc ) was incubated at 40° and pH 8 0 with 
0 02 M MnSOi before the respective substrate w as added The hydrolyses wrere car 
ned out at 40° and pH 7 8 to 8 0 Protein nitrogen for the 3 hour test was 2 88 7 
per cc , for the 25 hour teat, 5 76 7 per cc 


Time of 1 

precedms 
incubation i 

Action on / leucylglycmc 

Action on / leucylelycylglycme 

Action on neucioamh^e 



B 

Time 

Hy 

droiysis , 

C 

Time 

dro^su 

c 

hrs 1 

mm 



mm 

fiff cent , 


min 

ftr ttnt 


3 

30 


2 0 

30 

32 

1 9 

30 


1 12 

1 

60 


2 2 

45 

48 

2 2 1 

60 

31 

in 


75 

64 

2 1 

60 

60 

2 3 

120 

55 


1 







150 

64 

1 03 

25 

180 

25 


ISO 

28 

0 14 

150 

18 

0 100 


300 

35 

mwfm 

300 

44 

0 IS 

ISO 

21 

0 100 


330 

39 

0 n 

330 

46 

0 14 

300 

29 

0 0S7 




1 




330 

32 

0 OSS 













free carboxyl group A free ammo gi oup seems to be necessary for tte 
action of this enzyme, smce no splitting of benzoyl-f-leucylglycme could 
observed The data at present available make it therefore appear that e 
enzyme should be classified as Weucme-ammoexopeptidase, in accordance 
with a prenous suggestion (7, 8) f-Leucme ammoexopeptidases hat e pr^ 
viously been found to be present m extracts of beef spleen, beef kidney, an 
sume kidney Tlie kinetics of the mtestmal Meucine anunoexopepti 
weie studied extensively with the expectation that it might become ? 
to establish on a quantitative basis the homospecificity (Bergmann 
p 49) of the leucme-ammopeptidases from mtestmal mucosa, on e n 
hand, and from spleen and kidney, on the other However, the msta 1 > 
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of the manganese-activated intestmal enzyme mentioned above has hitherto 
frustrated all such efforts 

Berger and Johnson (10) have reported that the addition of cysteine en- 
hances the effect of Mn++ We have found that our leucme-ammopeptidase 
IS partially inactivated when mcubated with cysteme before Mn++ and sub- 
strate are added Table III shows the result of such an experiment The 
first order velocity constants are calculated m order to illustrate the 
changes which take place Control Experiment A shows that mcubation 

Table III 

Effect of Incuhalton of Protein of l-Leucine amtnoexopephdase with Cysteine and 

with MnSOt 

Incubations were earned out at 40° and pH 7 9 The test substrate was dl-leucvl- 
glj cine Protein N = 1 97 7 per cc in the test solution and 24 7 7 per cc in the in 
cubation nuxture 


■’^erunent A Control incubation 
of enxyme m absence of MnSOi 
test solution contained 0 01 
u MnSOi 

Experiment B Incubation of 
enzyme with 0 01 m cysteine in 
absence of MnSOi test solution 
contained 0 01 u ^InSOi 

Experiment C Incubation of 
enzyme with 0 01 u MnSOi test 
solution contained 0 0008 u MnS 04 
introduced with protem 

Tune j Hydrolysis 

Time 1 Hydrolysis 

Time j Hydrolysis 


Immediate test of incubation mixture before incubation 


mtn 

fer cent 

mtn 

per cent 

mtn 

per cent 

60 

18 

60 

18 

60 

12 

90 

26 

90 

27 

90 

21 

180 

71 

180 

68 

180 

60 

240 

83 

240 

82 

240 

78 

360 

92 

360 

91 

360 

87 


Test after 3 hrs incubation 


60 

19 

60 

MM 

60 

33 

120 

38 

120 


120 

67 

180 

70 

180 


150 

82 

210 

80 

210 

24 

180 

88 





210 

92 


of the mactive protem alone for 3 hours at 40° effects no appreciable change 
The instantaneous addition of cysteme in Experiment B gives results 
identical with the control However, after 3 hours, a large mactivation is 
shown Experiment C shows the results of mcubatmg hln"'^ and enzjTne 
Initially, the test hydrolysis shows a shghtly lower rate which is the result 
of the somewhat lower Mn++ concentration m the test solution After 3 
hours, the imtial sphttmg of the substrate is considerablji higher 

Leucme-ammoexopeptidase is activated by Mg"*^ as i\ ell as Mn++ 
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However, higber concentrations of Mg++ are necessary and, m addition, 
still longer tunes are required for maximal activation As with the Mn++ 
activations, the data run m parallel manner for the three different sub 
strates when tested with the Mg++ enzyme 
Leucylglycme was mtroduced about 15 years ago as a substrate for the 
characterization of ereptic dipeptidase The fact is now sufficiently estab 
lished that the mtestmal “leucylpeptidase” responsible for the manganese- 
actii stable hydrolysis of Meucylglycme and Meucylglycylglycine can be 
neither a dipeptidase nor a carboxypeptidase but must be an annnoexopep 
tidase of a specificity adapted to the side cham and configuration of I leu 
cine It IS to be expected that mtestmal mucosa contains other amino- 
exopeptidases- of different side cham and antipodal specificities and that 
each of these ammoexopeptidases also acts upon dipeptides that fulfill the 
side cham and antipodal requirements of the enzyme Consequently, the 
occurrence m mtestmal mucosa and elsewhere of dipeptidases which are 
specifically and exclusively adapted to the hydrolysis of dipeptides must be 
regarded as doubtful until new evidence for their existence is brought 
forward 


Prolidase 

In 1937, it was reported (3) that glycyW-prolme is split by an enzjTHc 
distmct from the previously knmvn peptidases This enzyme was named 
“prohdase ” It was shown that prohdase is only shghtly mhibited by 
cyamde m concentrations which strongly mhibit the splittmg of /leuoyl 
glycme and f-alanylglycylglycme In contrast to otW proteolytic en 
zymes, prohdase is capable of hydrolyzmg a peptide bond that does not 
contam peptide hydrogen In order to facihtate further studies of pro- 
hdase, an attempt was made to improve its separation from other enzymes 
of the mtestmal mucosa 

Prohdase remains m the mother liquor when Meucme-animoexopeptidase 
IS prepared from a crude aqueous extract of mtestmal mucosa by precipita 
tion with acetone The mother liquor was lyophilized The material thus 
obtamed was extracted several tunes with ether and the residue after diymg 
m vacuo dissolved m water The aqueous solution was dialyzed and sub 
sequently tested for its activity towards various substrates The findings 
reported m Table R'' indicate that the predonunant activity was found to 
be prohdase 

The enzymatic activities present m the crude mucosa extract towai^ 
glycylglycine, ^prolylglycme, and glycyl-Meucme are destroyed by t e 

“ Some of these will be components of the enzj me fraction usuall} 
intestinal anunopolypeptidase , some may occur in other enzyme fractions obtain 
from intestinal mucosa 
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acetone treatment and are not found either m the acetone precipitate or in 
the mother hquor and, therefoie, cannot be identical mth prohdase The 
residual actinty towards glyc 3 d-Z-alanme, which accompanies the acetone- 
punfied prohdase, is apparently distmct from the extremely high activity 
towards Z-alanylglycme present m the crude mucosa extract That 
glycjd-Z-prolme (GP) and glycyl-Z-alanme (GA) are split by different 
enzymes is indicated by the varymg values of the quotient Cq-p/Cok ob- 
tamed bj’’ different methods of treatment, e g , the acetone-punfied pro- 
lidase shows Ggp/Cga = 10 3, while a lead acetate-treated prohdase (see 
below) gives Cq^/Cqa. = 29 4 The data of Table show that prohdase 

Table IV 

Actmttes Present in Crude Prohdase Preparations (Acetone Method) 
Hydrolyses were carried out at 40° and pH 7 8 to 8 0 Enzyme concentration, 
0 165 mg of protein N per cc of test solution 


^ Substrate 

No added 

to test solution 

Hydrolysis 

Test solution contained 

0 001 uMnSOi 

26hrs 

2 hrs 1 

26 hrs 


per cent 

per cent 

per cent 

Z-Alanylglycine 

1 

1 

8 

Glycylglycine 

-1 

-1 

3 

Z-Leuoylglycine 

-1 

1 

12 

l-Leucylglycylglycine 

1 

1 

9 

Z-Prolylglycine 

0 

-1 

4 

Carbobenzoxyglycyl-f-proUne 

0 


0 

Glycyl-Weucme 

0 


0 

Glycyl-Z-phenylalanine 

0 

0 

2 

Glycyl-Z-alamne 


13 

59 

Glyoyl-Z-probne 

1 47 (2 hrs ) 

78 



is a highly specific enzyme with little or no action on peptide bonds contam- 
mg a peptide hydrogen, as already suggested by Bergmann and Fruton (3) 
These data also show that prohdase is activated by Mn++ and may be 
added to the list of metal-activated peptidases Unlike leucme-aminopep- 
tidase, which is activated by both Mn++ and Mg++, prohdase is not acti- 
vated by Mg++ Other metal ions tested, such as Co++, Cu++, and Zn++, 
strongly inhibited the enzyme For the sphttmg of glycyl-Z-prolme by 
prohdase m the presence of Mn++ satisfactory pseudo first order reaction 
velocity constants are obtamed (Table V) This behavior may be used to 
advantage m future attempts to define the specificity of prohdase m terms 
of the classification of proteolytic enzymes suggested prenouslj’' (8) 
Because only small quantities of enzyme were available from the acetone- 
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containing mother hquor, another method of preparmg prohdase was 
developed This latter method possesses the advantage that larger 
quantities of much more active material can be easily prepared This 
matenal simultaneously contains large amounts of a second ena^Tne which 
hitherto was regarded as an aminopolypeptidase (Johnson and Berger (9) 

Table V 

Kinetics of Prolidase Action on Glycyl-UProline 


The enzyme was prepared by the acetone method Hydrolysea were earned out 
at 40° and pH 8 0 The test solutions contained 0 01 m MnSOi 


Protem K per cc lest solution 

Time 1 

1 

Hydrolysis 

^CP 

Cgp averife 

mg 

1 

mtft 

per cent 



0149 

30 

27 

0 031 



, 60 1 

49 

0033 



I 76 : 

57 

0 033 



90 

68 

0 037 



120 1 

78 

0 037 



150 

81 

0 032 

0 034 

0 0992 

30 

23 

0 038 



60 

35 

0 032 



75 

42 

0 032 



90 

61 

0 035 



120 

64 

0 037 



160 ; 

72 

0 037 

0 035 

0 0496 

1 30 

13 

0 041 



1 60 ' 

22 

0 036 ! 



1 90 

30 

0 035 



! ’‘20 

39 

0 036 



1 150 

47 

0 'A7 

t 


180 I 

55 

0 ■'39 

0 037 

0 0198 

, 60 1 

9 

0 035 



120 

18 

0 036 



160 

21 

0 035 

0 036 


180 

26 

' 0 036 

0 149 (No MnSO, added) 

30 

17 

0 018 



45 

25 

0 018 



60 

34 

0 020 



90 

42 

0 018 

0 018 


120 

47 

0 015 





— 


p 69, (11)) The specificity of this enzyme will he discussed in the o 
lowing section ^ 

An aqueous extract of hog mtestmal mucosa is prepared as desen 
above for leucme-ammoexopeptidase With an ahquot of this crude ex^ 
tract, the amount of a saturated lead acetate solution necessary for m®® 
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mal precipitation is determined The calculated quantity is then added to 
the bulk of the solution and the precipitate remo\ed by centnfugmg To 
the supernatant solution one adds an amount of disodium phosphate m ex- 
cess of that necessary for the removal of the lead After 30 mmutes, the 
precipitate is removed by filtration with Cehte and the clear filtrate dialyzed 
overnight agamst distilled water in the cold Sohd ammomum sulfate is 
then added to 40 per cent saturation, and the slight precipitate is discarded 
Additional ammomum sulfate is added to brmg to 60 per cent saturation 
and the precipitate is collected The precipitate is dissolved m water, 
filtered clear, and dialyzed agamst distdled water until free of sulfate ions 
This solution, m the presence of 0 001 m Mn++, has a prolidase activity, 
Cgp, of 0 4Y, w'hile the crude extract had a Cqp of about 0 015 Thus, the 
purified prohdase contamed about 30 times as much activatable prolidase 
per mg of protem N as the crude extract The punfied prohdase has, in 
the absence of added Mn++, a Cqp of 0 075 Thus, the mcrease m activ- 
ity produced by hln++ is greater than 6-fold With other preparations, 
the mcrease was even greater, m one case, more than 8 times 

The crude extract and the punfied solution also cause a sphttmg of glycyl- 
khydroxypiolme This hjdrolysis is also activated by Mn++ ions (m one 
mstance, as high as 16 times) The sphttmg of the prohne compound (GP) 
by the activated enzyme is about 8 tunes more rapid than that of the 
hydroxyprolme compound (GHP) The proteolytic quotient Ggp/Cghp 
IS practically identical m the presence of Mn++ for the vanous enzyme prep- 
arations presented m Table VI It will be noted, however, that the 
proteolytic quotient of the punfied prohdase, Preparations 8 and 9 m 
Table VI, is higher in the absence of added manganese 

These data can be mterpreted m two w ays Either we are deahng with 
a smgle enzyme which show's different affinities for the substrates at dif- 
ferent manganese concentrations or the two substrates are hydrolyzed by 
two extremely similar enzymes both of which aie activated by Mn++ and 
are affected m exactly the same manner by several purification procedures 
acetone, lead acetate, ammomum sulfate, and mactivation at 60° The 
latter assumption is highly improbable It appears, therefore, most hkely 
that the first hypothesis iS the correct one, smce the ratio Cgf/Gghp after 
maximal activation is the same as for the crude extract when the addition 
of Mn++ has no effect 

In Table VII are presented some experiments with vanous prohne and 
hydroxyprolme compounds It is apparent that as compared with glycjd- 
Z-prolme and glycyl-i-hydroxyprohne, the ammo- and carboxyl-substituted 
compounds are spht rather slowly In fact, the shght activity towards 
these latter substrates may be due to different enzymes In particular, the 
hydrolysis of carbobenzoxyglycyl-Z-prolmamide and carbobenzoxyglycjl-Z- 
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hj droxyprolmaimde cannot be ascnbed to probdase or prolinase, but must 
be attributed to one or sev eral endopeptidases No sphtting was observed 
of the two diketopiperazines 

Z-Prolylglycme and Z-hj drovyprolylglycine were hydrolyzed very slowly 
by' the punfied extract Comparison with the experiments reported m the 
lower section of Table '^'11 shows that these two substrates are spht more 
rapidly than the respective reciprocal peptides by the crude extract Ap- 
parently', the mayor part of the activity towards prolylglycme andhy'droxy- 
proly'lgljcme has been remoi ed dunng the punBcation of the extract 

Table VI 

Prolcolyttc Quotients for Glycyl-l-Prohne and Glycyl-l-Hydroxyproline 
The hydrolj ses were carried out at pH 8 0 and 40° Preparations 1 to 7 contained 
0001 siMnSOi in test solutions 


Pfcpatation ' 

^OP 1 

^CHP 

^CP/^CBP 

1 Crude extract of mucosa 

0 012 

0 0015 

80 

2 << << 

0 015 

0 0019 

7 9 

3 Lead acetate-punfied f-prohdase 

0 29 

0 034 

85 

4 " " *' from 




Preparation 2 | 

0 47 

0 065 

7 2 

5 Preparation 4 heated to 60° for 10 min , 




90% of activity destroyed 

0 0036° 

0 00047* 

7 7 

6 l-Leucine aminoexopeptidase 

0 028 

0 0034 

82 

7 Preparation 6 reprecipitated with 50% i 




acetone and dialyzed ] 

0 027 

0 0035 

77 

Average 

79 

8 Preparation 3, no added hln'^ 

■m 

0 0029 

13 4 

9 “ 4, “ “ 

mm 

0 0040 

18 8 


* These are K values, since no nitrogen determinations were performed on the 
heated solution 


Of particular mterest is the relatively rapid hydrol /sis by' the crude ex 
tract of Z-hydroxyprolylgly'cme, a substrate not previously studied 

Other Enzymes 

The preparation of prolidase by the lead acetate procedure described in 
the precedmg section is a nch reservoir of other en 2 iymatic activities respon- 
sible for a rapid sphtting of tnpeptides such as Z-leiicylgly'oyteb^^*^®' 
?-alanylgly cvlglycme, diglycvlglj cine, diglycyl-Z-prohne, and diglycy 
hy'droxyprohne There is no actuation by Mn"*^ ions and in some cas 
a definite inhibition 
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The presence of an enzyme which sphts Z-leucjlglycylglycme is of special 
mterest This enzyme was found to act upon Z-leucylglycylglycme at the 
peptide bond adjacent to tlie free ammo group mth the formation of leucine 
and glycylglycine This enzjune cannot be identical ivith Z-leucme-ammo- 
exopeptidase This conclusion is derived not only from the already men- 
tioned fact that this enzjune is not activated by manganese, but also from 

Table VII 

Hydrolysis of Prolinc and Hydroxyproltne Compounds by Extract of Intestinal Mucosa, 
Purified by Lead Acetate 


■til substrates vere present in a concentration of 0 05 mu per cc at 40°, buffered 
at pH 8 0 v ith 0 02 M veronal The test solutions contained 0 001 m MnSOi Lead 
acetate-purified prolidase uas employed as the enzyme 


Substrate 

Enryme 

concentration 

Hydrol>sis 



H brs 

24 hrs 


mj prolein V 
per cc 

per cent 

per cent 

Glj cyl-Z-proline 

0 00875 

40 

99 

Glycyl-Z-hydro\yproline 

0 109 

55 

100 

1-Prolyl glycine 

0 219 

1 

20 

Z-Hydro\yprol> Iglycine 

0 219 

0 

12 

Glycyl-Z-proline dihetopiperazine 

0 219 

0 

0 

Glycyl-Z-hydroxyproline diketopiperazine 

0 219 

0 

0 

Z-Prolinamide 

0 107 

1 

3 

Z-Hydro\yprolinamide 

0 107 

-1 

7 

Carbobenzoxj glycyl-Z-proline 

0 320 

3 

22 

Carbobenzo\yglycjl-Z-hydroxyproline 

0 320 

1 

9 

Carbobenzo\yglycyl-Z-prolinamide 

0 320 

5 

27 

Carbobenzoxyglycyl-Z-bydroxyprolinamide 

0 320 

2 

16 

Carbobenzo\y-Z-prolyl-Z-proline 

0 219 

0 

2 

Glycyl-Z-proline* 

0 198 

47 


Glycj l-Z-hydroxyproline* 

0 494 

38 


Z-Prolylglycine* 

0 198 

56 


Z-Hydro\yprolylglycine* 

0 494 

59 



* These experiments were performed with a crude aqueous extract of intestinal 
mucosa as the enzyme, no Mn'*'*' was added 


our observation that the preparation discussed here sphts Z-leucylglycyl- 
glycme about 80 times as fast as Z-leucmamide and 500 times as fast as 
Z-leueylglycme If this enzyme were homospecific wnth the manganese- 
activated Z-leucme-ammoexopeptidases, it should spht the three substrates, 
Z-leucylglycylglycme, /-leucylglycme, and Z-leucmamide, with proteoljdic 
coefficients of the same order of magnitude The possibilitj must be 
considered that this enzj'me has such a specificiU tj^ie that it requires in 
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the back-bone of its substrate the groups underlined m the following 
formula of Heucylglycylglycme 

(I) C.Hs CH CO-I-NH CH CO— NH CH, COOH 

1 

NHj 

K this hypothesis is correct, the en 2 yme is an imidoendopeptidase or, in 
terms of an older termmology, an mudoprotemase The existence of the 
specificity class of imidoprotemases has already been discussed (8) On 
the basis of experiments then available, chymotrypsm was assigned to this 
specificity class However, it was found later that the enzymatic activity 
m question must be attnbuted to the anunoexopeptidase activity of 
chymotiypsm 

A. closer mvestigation of the imidoendopeptidase which sphts i-leucylgly 
cylglycme is very desirable Experiments performed m this laboratory by 
Dr Joseph S Fruton hare shoivn that vanous animal tissues contain 
enzymes that hydrolyze Z-leueylglycylglycme by a specific mechanism 
different from that of a leucme-ammoexopeptidase The example discussed 
above of the imidoendopeptidase and the Z-leucme-ammoexopeptidase repre- 
sents a second case (12) of two proteolytic enzymes exhibitmg different 
back-bone specificities but hydrolyzing the same substrate at identical 
linkages, % e , with the foimation of the same spht-products 

The hypothesis that a crude extract of intestmal mucosa contams, m 
addition to leucme-ammopeptidase, a second enzyme that sphts Z-leucylgly 
cylglycme is m agreement with the data m Table I Th.“ mitial activities 
m the crude extract (Preparation A) mdicate nearly twice the activity for 
Z-leucylglycylglycme as for Z-leucylglycme, whereas the purified enzyme 
(Preparation C) shows nearly equal activities towards the two substrates 
Obviously, there has been removed durmg the purification an enzyme which 
acts upon Z-leucylglycylglycme but very much less or not at all upon 
Z-leucylglycme 

An enzyme of the specificity type characterized by Formula I would be 
expected also to hydrolyze other tnpeptides contammg a central glycine 
residue It has already been mentioned that the partly punfied enzyme 
preparation discussed m the present section acts mdeed upon such tnpep- 
tides (Table VIII) However, our experimental material is by no means 
sufficient to prove that all these tnpeptides are actually split by the same 
enzyme 

The hydrolysis of triglycme approximates a first order reaction more 
closely in the presence of Mn++, because there is also contamed m J 
enzyme solution an enzyme which slowly hydrolyzes glycylgly®®® 
which is inhibited by Mn"*"'" This inhibition becomes noticeable m t e 
hour values (Table VIII) 
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The data for the hydrolj'sis of Heucylglycylglycme closely resemble a 
zero order reaction, m the absence and in the presence of Mn++ One 
possible explanation may be that we may have a low substrate concentra- 
tion m relation to the enz 5 rme concentration, a condition favonng zero 
order kmetics as recently emphasized by Van Slyke ((9) p 33) The 
hydrolysis of Z-alanylglycylglycme also follows zero order kmetics 

Table VIII 


Action of Glycine imtdoendopephdase Preparation on Various Substrates 
Substrate concentration, 0 05 mw per cc , temperature 40°, pH 7 9 to 8 0, 0 02 u 
\eronal butfer 


Substrate 

j 

Enzyme I 
concentra 
tioa j 

Time 

i 

No added 

0 001 M Mn++ added 

Hy 

drolysis 

c 

Aver 

T 

A. 

B 

Aver 

a^e 

C 


mt Protein 


per 







N per cc 


cent 






J-Leucylglycylglycine 

0 00317 

0 5 1 

13 



13 





■O 

26 



26 





1 5 

44 



37 






52 



51 






76 



71 





24 0 

124 






Tnglycine 

0 00635 

0 5 1 

29 



29 





1 0 

51 



51 

0 81 




2 0 

81 



74 

0 77 




3 0 

92 



88 

0 81 

0 80 



24 0 

127 



102 



Diglycyl-Z-prohne 

0 00635 

0 5 


0 51 


20 

(0 51) 




1 25 


0 47 


46 

(0 66) 




2 0 

55 

0 46 


65 

(0 60) 




3 0 

73 

0 50 

EIS 

93 





24 0 

184 



197 



Diglj cyl-Z-hydroxyprobne 

0 00635 

0 5 

16 

0 40 


17 

0 42 




1 0 

31 

0 42 


32 

0 44 




2 0 

60 

0 40 


51 

0 41 




3 0 

65 

0 40 


65 

0 40 

0 42 



24 0 

99 


1 





The hydrolysis of diglycyl-Z-prolme yields good first order velocity con- 
stants for the first 3 hours only m the absence of Mn++ The calculated 
first order constants rise, m the presence of the metal, much earher This 
rise IS the result of the concurrent lapid sphtting of the dipeptide formed 
durmg the hydrolysis of diglycj Iprohne This dipeptide must be gl 3 ’'cjI-Z- 
prolme and cannot be diglycme, smce the hydrol 3 ^is of the former bj’’ 
piolidase is activated bj’’ ]Mn++, while the hydrolj'sis of gljcjlgljcme is 
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inhibited bj' the metal Thus, it follows that the hydrolysis of diglycyl J- 
prolme takes place at the peptide bond adjacent to the free ammo group 
and results m the formation of gls'cme and glycyl-Z-prolme as the first 
products Our plan to test this conclusion bj the isolation of the pnmary 
split-products could not be venfied under present conditions 

For the enzjTnatic hydrolysis of diglj c^ l-Z-hydroxyprolme, good and 
almost identical first order velocity constants were obtamed m the absence 
and in the presence of hln"^ It is probable that here, as m the case of 
diglycvlprolme, the hydrolysis occurs between the two glycine residues 
With the low enzjme concentration emplojed, the glycylhj'droxjTproline 
IS hjdroljzed rather slowlj even m the presence of activatmg manganese 
The data on the two stereoisomenc foims of alanylglycjdgljcme, also 
reported m Table IX, mdicate that the I form is spht about 90 tunes as 
rapidlj as the d form It is, at present, not known whether the same 
enzyme is lesponsible for the hydrolysis of the two stereoisomers 
Table IX provides some compaiative data concemmg the action of a 
siniilai and weaker enzyme preparation upon several substrates The 
enzyme preparation contains m all piobability other enzymes besides 
2-prohdase and glycme-imidoendopeptidase One is justified, however, to 
conclude from Table IX that the imidoendopeptidase, which acts upon 
tnglycine, is much less active towards glj cj Iglycme, glycinamide, gljcjl- 
gljcmaraide, and the tetrapeptides diglvcyl-Z-leucylglycme and diglycjl ! 
glutamylglycme The free carboxjl in the tnpeptide appears to haie a 
lather beneficial mfluence upon the action of the imidoendopeptidase 

Action of Kidney Cathepsin on Prolme and Hydroxyproline Peptides 

\ highly active preparation of swme kidnei cathepsin prepared according 
to Fruton, Irvmg, and Bergmann (8) was found to hydrolyze carbobenzoxy 
glycjl-Z-prolme to the extent to 20 per cent of one pepade bond within a 
penod of 45 hours at pH 4 7 and 40°, xnth citrate buffer and cx'steuie as the 
actuator Wien no cysteme was added, only about 5 per cent splitting 
occurred No hydrolysis was observed of the substrates carbobenzoxy 
glycxd-?-hydroxyprohne, carbobenzoxx'glx'cvl-f-prohnamide, and 
benzoxyglycyl-Z-hydroxyprohnamide To our knowledge, this is the r= 
reported observation of the hydrolx tis of a prolme peptide by a catheptic 
enzyme 

Instability of Dipeptides Containing Prolme or Hydroxyproline 

Fleshly prepared solutions of glycyl-Z-piohne and glycyl I 
are hx drolyzed to 100 per cent by solutions of prolidase 
tions are kept at room temperatuie before the enzyme is ad , 
carboxyl titer steadily decreases and simultaneously their sensitivi y 
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Mards probdase diminishes For the study of these peptides it is therefore 
necessarj"^ to use freshly prepaied solutions 

Table IX 

Hydrolysis of Tarious Peptides by Extract of Intestinal Mucosa, Purified by 

Lead Acetate 


Enzyme concentration, 0 214 mg of protein N per co , no Mn''^ added, tempera- 
ture 40°, pH 7 8 to 8 0 


Substrate 

Time 

Hydroljsis 

c 


hrs 

per cent 


f-Alanylglycine 

18 

77 

0 0028 


26 

88 ' 

0 0028 


44 

103 


Glj 03 1 - 1 -alanine 

26 

17 

0 00024 


44 

25 

0 00022 


72 

35 

0 00020 


95 

46 

0 00022 

GI 3 cylglycme 

19 

14 

0 00026 


68 

40 

0 00026 

GI 3 C 3 Iglycinamide 

19 

85 

0 00077 


68 

85 

0 00094 

GI 3 cmamide 

19 

7 

0 00014 


68 

26 

0 00015 

Diglyc 3 1 - 1 -leucyIglyoine 

18 

35 

0 00081 


26 

44 

0 00076 


44 

62 

0 00075 


95 

114 


DigIycyl-1-glutamylglycine 

18 

40 

0 00097 


26 

52 

0 00096 


44 

86 



72 

120 



95 

144 


i-Alanylglycylglycine 

0 5 

35 

0 029 


1 25 

77 

0 040 


1 5 

83 

0 040 

d-AIanvlelycvlel.vcine 

19 

22 

0 00044 


68 

51 

U OUU^o 

Tnglycine 

0 5 

31 

0 025 


1 25 

73 

0 035 


1 5 

77 

0 033 


It IS likely that the apparent decrease m peptide concentration is due to 
a slow transformation of the dipeptides mto diketopiperazmes in the 
slightly alkahne solution (pH, 8 0) It is noten orthj’’ that the diketo- 
piperazme of glycylprolme has been repeatedly isolated from acid protein 
hidrolysates Moreover, ne hate isolated diketopiperazmes nhen carbo- 
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benzox 5 'glycyl-I-prolmanude and carbobenzoxyglycyl-Wiydroxyprobiianude 
were hydrogenated in acid solution On removal of the carbobenzo\} 
group, ammonia is ehmmated spontaneouslj and the diketopiperazme is 
formed under rmg closure Abderhalden and Nienbiug (13) have found 
that caxbobenzovj'proljlprohne forms prohne anhydnde on hydrogenation 
Howei er, the hydrogenation of carbobenzo\j^glycyl-Z-prohne and of carbo 
benzovj'gtycyl-f-hydroxj'prolme yields the expected dipeptides 

Table X 

Optical Rotation of Dipeptides Containing Glycine 


The rotations of all peptides were determined in aqueous solution 


Peptide 

(1) 

Bibliographic 
refereoce No 
(2) 

Specific 

rotation 

(3) 

Molecular roUtioa 

(4) 

a M (i) 
(J) 

Gljcyl-Weucine 

16 


degrets 

(a) -6,602 1 

degrtes 

I-Leuoj Iglycine 

I 17 


(b) +16,083 

22,6So 

Glycj 1-t-vabne* 

' 1 

-19 17 

(a) -3,430 


l-Valylglj cine* 

18 1 

-t-93 5 

(5) +16,278 

19,718 

GIycyl-1-alanine 

19 

-50 0 

(a) —7,305 


J-Alanj Iglj cine 

20 

+50 3 

(5) +7,349 

I 14,6o4 

Glycyl-t-hj droxj prohne 

This paper j 

-128 4 

(o) -24,152 


J-Hj droxyprolylglj cine 

« 41 

-22 4 

(6) -4,213 

19,939 

Gljcjl-t-prohne 

21 

-113 8 

(o) -19,685 

15,562 

l-Prolylglycinet 

22 

-22 8 

(b) -4,023 


* These dipeptides. contaimng natural valine or natural alanine, vere designated 
in the publication referred to in Column 2 as gl>cyl-d-valine, d-aalylgl\cine, gljejl 
d-alamne, and d-alanj Iglycine 

t This substance is descnbed (22) ns containing 1 molecule of water of costaUua 
tion 


Optical Rotation of Several Dipeptides Containing Glycine 

The sjmthesis of glycyl-hhydroxj'prohne by the carbobenzox)' method 
reported m the experimental sefction has jnelded a preparation possessing an 
Hd” = —1284° (m water), while Abderhalden and Koppel (14) had re- 
ported for this peptide an [a] = —50 79° (in w ater) The difference roa), 

at least m part, be attributed to the fact that Abderhalden and Kop^ 
synthesized the dipeptide by means of the halogenacyl method Fis er 
and Raf (15) have shown that the apphcation of this method tohalogenac) 
derivatives of prohne sometimes results m the formation of products w 
are isomenc with the expected peptides Similar comphcations may 
expected for the denvatives of hydroxsiirolme 
In order to obtam additional evidence, the difference betw'een the ro a 
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of glycyl-Wiydroxyprolme and f-hydroxyprolylglycme was calculated and 
the value thus obtamed was compared wth the values reported for other 
dipeptides contammg an optically active ahphatic amino acid combmed 
with glycine It vill be noted from the data reported m Table X that the 
peptides contammg the glycme carbonyl combmed with the mtrogen of an 
ahphatic monoammomonocarhoxyhc acid have a specific rotation 90-120° 
more negative than the respective peptides with a reciprocal sequence of 
the tvo ammo acid residues The difference of the molecular rotations is 
14,600-22,700° 

The difference of the molecular rotations for the reciprocal peptides con- 
tammg prohne or hydrovyprohne respectively is very similar when the 
specific rotation of —128 4° is accepted for glycyl-Z-prohne The value of 
—50 8°, on the other hand, as reported by Abderhalden and Koppel, is 
clearly out of hne with the other data recorded m Table X 

The authors wish to thank Mr Stephen M Nagy, who performed the 
elementary analyses, for his valuable assistance 

EXPERlMENTAi 

Enzymaitc Studies 

The activity and purity of different enzyme samples were determined by 
the methods defined by Irvmg, Fruton, and Bergmann (6) Wherever 
possible, the activity was determmed by measimng the first order velocity 
constant K on the substrate S for the enzyme concentration E, where E is 
expressed as mg of protem N per cc of test solution The proteolytic 
coeflBcient C = K/E Although m some cases the reaction did not adhere 
stnctly to a first order reaction, the mitial constants were used m order to 
obtam comparative data 1 umt of enzymatic activity is the quantity of 
enzyme which sphts the substrate with a X of 0 0020 under the conditions 
used The procedure was that followed m previous reports from this 
laboratory Hydrol5fses were earned out m 2 5 cc volumetnc flasks at a 
temperature of 40° Hydrolysis was measured on 0 2 cc samples by the 
titration method of Grassmann and Heyde (23) The substrate was present 
m a concentration of 0 05 m per cc (with the sole exception of racermc sub- 
strates which were used m a concentration of 0 1 m per cc ) The solutions 
were buffered by the addition of 0 5 cc of 0 1 si veronal buffer to the test 
solution 

Hydrolysis of l-Leucylglycylglycine by Lead Acetate-Treated Mucosa Extract 

307 mg of Z-leucylglycylglycine were dissolved in water and brought to 
pH 8 by addition of NaOH Enzyme was added eqmvalent to 0 317 mg 
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of protein N and the volume brought to 25 cc After 35 minutes at 40°, 
the titration samples showed that 100 per cent splittmg of one peptide bond 
had occurred The reaction was stopped by addition of 4 cc of M HCl 
and 20 cc of absolute alcohol The solution was concentrated tn lacuo, 
and the residue dissolved m hot 95 per cent alcohol The slight precipitate 
V as filtered off and the solution agam concentrated to dryness The residue 
vas dissolved m 5 cc of hot water and 393 mg of sodium 2-broniotoluene 
5-sulfonate were added * This is equivalent to 1 2 moles for the calculated 
amount of leucine, one-twenty-fifth of the total sample had been remoied 
for estimation of the enzymatic splittmg After standing overnight at 0°, 
the solution w'as filtered and the mother liquor retained for the isolation 
of diglycme Yield of dned leucme bromotoluene sulfonate, 420 mg , or 
87 per cent of theorj The salt was recrystalhzed from hot water 

C„H oNOjSBr Calculated C 40 8, H 5 3, N 3 7 
382 3 Found " 40 6, “ 6 5,“ 3 7 

To the mother liquor and washmgs (8 cc ) there were added 529 mg of 
5-nitronaphthalene-l-sulfonic acid This sulfonic acid forms a sparmglj 
soluble salt with glycylglycme which crystaUizes as rhombohedral plates 
Crystallization was completed overnight at 0° The charactenstic square 
plates of the glycme salt were absent Yield, 337 mg , or 73 per cent of 
theory The diglycme nitronaphthalene sulfonate was recrystallized from 
hot water 

C„Hi,N,O.S Calculated C 43 6, H 3 9, N 10 9 
385 3 Found “ 43 8, “ 4 1. “ 11 0 

Glycyl-l-hydroxyproline 

Carhobemoxyglycyl-l-hydroxyprohne — To a solution of 5 gm of f-hydro\5 
prolme m 25 cc of 2 n NaOH there w ere added m portions with cooling an 
shakmg an additional 20 cc of 2 n NaOH and 10 gm of carbobenzoxygJQ 
chlonde On acidification with concentrated HCl, the compound precipi 
tated as an oil The oil was extracted with ethyl acetate Ihis rou ion 
was washed with ddute HCl and with water and then dned over Na-bUj^ 
On concentration of this solution tn vacuo to a thick syrup, s ^ 
needles formed on standmg at room temperature The needle were c 
and washed with ether Yield, 7 6 gm OnrecrystaUizationfrom o 
acetate, thm tnangular plates were obtained M p 124-124 5 

CuHi, 04N* Calculated C 55 9, H 5 6, N 8 7 

322 3 Found “ 66 0, “ 5 7, " 8 6 

» The leucme salt of 2 bromotoluene 5 sulfonic acid (24) is considerably less 
than the glycme, leucjlgljcine, and diglycme salts of this sulfonic aci 
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GhjcyU-hjdroxyprolmc — 4 gm of the carbobenzoxy compound weie 
hydrogenated in the presence of palladium black m methyl alcohol contam- 
mg 4 cc of water and 4 cc of glacial acetic acid The oily precipitate i\as 
dissolved by the addition of water and the catalyst filteied olf The solu- 
tion -was evaporated tn vacuo with the addition of methanol The sju-up 
thus obtamed crystallized on addition of absolute ethanol Yield, 2 3 gm 

C7H1 Ni 04 Calculated C 44 7, H 6 4, N 14 9 
188 1 Found “ 44 4, " 6 5, " 14 8 

[alS = -128 4“ (1 8% in water) 

Diglycyl-l-hydroxyprohne 

l-Hydroxyprohne Benzyl Ester Hydrochloride — 25 gm of i-hydro\ypiolme 
were estenfied tivice ivith dry HCl m 350 cc of benzyl alcohol, followed by 
removal of HCl and water in vacuo at 85° The insoluble residue was fil- 
tered off and the ester hydiochloride was crystalhzed from the mother 
hquor by addmg dry ether Yield, 18 5 gm of needles They were dis- 
solved m benzj'l alcohol and crystalhzed by the addition of ether M p 
147-150° 


CijHijNOjCl Calculated C55 9, H6 3, M64 
257 7 Found " 56 0, " 6 4, " 5 4 

Carbobemoxydiglycyl-l-hydroxyprohnc Benzyl Ester — ^The carbobenzoxj- 
glycylglycmazide used for this synthesis was prepared from the correspond- 
mg hydrazide accordmg to Rmke (25) It was partially dned on a porous 
plate and then dissolved m ethyl acetate This solution was succeositelv 
washed -with ice water, aqueous bicarbonate, and then mth water The 
solution was dried over Na^SOi and then added to a dry ethyl acetate solu- 
tion of hydroxyprolme benzyl ester prepared from 64 gm of the hvdrr- 
chlonde desenbed m the precedmg section After standing at room tem- 
perature overnight, the solution ivas n ashed ivith vater, dilute HCl, rats, 
dilute bicarbonate, and agam ivith water, dried mer NasSO^, and ccrxsz- 
trated in vacuo On addition of ether, the carbolienzoxy peptide 
crystalhzed m needles It was recrjstalhzed from ethyl ar ctate-psmso^ 
ether Yield, 4 7 gm M p , 123-127° 

CstHjjNjO: Calculated C 61 4, K 5 ^ g q 

469 5 Found “ G1 4, " 5 0’ " g 

Free Tnpeptide — 3 gm of the carbobenzoxy tnp<-ptide ” 

hjdrogenated m the usual manner m methji alcohol contamfi?^^ ' 
water and 2 cc of glacial acetic acid After concentraf loa ~ ~ 
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solution xn vacuo, the substance crystallized on addition of absolute alcohol 
Yield, 1 5 gm It was recrystalbzed from water-alcohol 

CiHisNiOs HjO Calculated C 41 1, H 6 5, N 16 0 
263 2 Found “ 41 3, “ 6 6, “ 15 7 

[olS = -97 7“ (2 8% in water) 

Diglycyl-l-proline 

Carhdbemoxydtglycyl-l-prohne Benzyl Ester — ^A. dry ethyl acetate solution 
of Z-prohne benzyl ester^ from 6 gm of the hydrochlonde tias coupled m 
ethyl acetate solution with carbobenzoxylglycylglycmazide from 4 6 gm of 
the correspondmg hydrazide and the solution purified m a manner similar 
to that described above for the preparation of the correspondmg carbo- 
benzoxydiglycyl-Z-hydroxyprohne benzyl ester After the ethyl acetate 
solution was concentrated tn vacuo, anhydrous ether and petroleum ether 
were added to the residue The carbobenzoxy benzyl ester crystaUized 
as needles Yield, 5 2 gm After recrystaUization of the ester from ethyl 
acetate-petroleum ether, its melting pomt was 87° 

C 4Hi 7N,0, Calculated C63 5, H6 0, N93 
463 5 Found “ 63 5, “ 6 3, “ 9 3 

Diglycyl-l-proline — 4 gm of the carbobenzoicy tnpeptide benzyl ester were 
hydrogenated in the usual way m methyl alcohol containmg 3 cc of water 
and 3 cc of glacial acetic acid After evaporation of the filtered solution 
and the addition of absolute ethanol, the tnpeptide crystaUized as rectangu- 
lar plates Yield, 1 9 gm 

C,H, J^,0, 4- iH,0 Calculated C 45 4, H 6 8, N 17 6, H,0 3 8 
238 2 Found " 45 4, “ 6 8, “ 18 0, “39 

[alo “ —101 S” (2 2% in water) 

Carbobemoxyglycyl-l-hydroxyprolinamide 

l-Hydroxyproline Methyl Ester Hydrochlonde — 7 gm of Z-hydroxyprohne 
were twice estenfied with dry HCl m methanol, the solvent bemg removed 
by concentration in vacuo each time Yield, 8 4 gm of needles The 
compound was twice recrystalbzed from methanol-ether M p , 162-164 , 
with evolution of gas 

C,H„NOiCl Calculated C 39 7, H 6 6, N 7 7 
181 6 Found 39 5, " 6 9, “ 7 8 

‘ The benzyl ester hj drochlonde of I proline was obtained bj a procedure anab 
gous to that described above for the benzj 1 ester hydrochlonde of I hydroxypro in 
The prolme ester, which crystallized readily from benzj 1 alcohol, could not e 
tamed analytically pure The crude ester could, honever, be used satisfacton j 
syntheses 
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Carhohcmoxyghjcijl-l-liydroxyprohnamtde — A dry solution m ethyl acetate 
of hydroxyprolme methyl ester prepared from 5 gm of the hydrochlonde 
was coupled with 7 gm of carbobenzo\yglycine chlonde The solution was 
Bashed wth bicarbonate, Bater, and dilute HCl and dned over NajSO^ 
The solvent was removed in vacuo and the resultmg syrup dissolved in ab- 
solute methyl alcohol preiaously saturated wth dry NH3 gas at 0° This 
solution was allowed to stand for 2 days m a pressure flask at room tem- 
perature The solvent b as then removed in vacuo, and the amide ciystaJ- 
hzed from methanol-ether M p , 208° 

CuHi.NjOi Calculated C 66 0, H 6 0, N 13 1 
321 2 Found “ 55 9, “ 5 9, “ 12 9 

Glycyl-l-hydroxyproline Dikelopiperazme — 3 gm of the above carbo- 
benzovy dipeptide amide Bere hydrogenated in the usual manner in meth- 
anol contammg 3 cc of B'ater and 3 cc of glacial acetic acid On con- 
centration of the filtrate in vacuo with the lepeated addition of absolute 
methanol, 2 1 gm of large pnsms Bere obtained They were recrystallized 
from absolute methanol This compound contamed no ammo mtrogen 
and gave the analytical values for the diketopiperazme 

CjHioNjOi Calculated C 49 4, H 5 9, N 16 5 
170 2 Found “ 49 4, “ 6 0, " 16 5 

WS = -190 4° (1 9% in Bater) 

Carhohenzoxyglycyl-l-prolinamide — dry solution m ethyl acetate of 
Z-prohne benzyl ester from 6 gm of the hydrochlonde B'as coupled with 7 
gm of carbobenzoxyglycyl chlonde The solution was washed with bi- 
carbonate, water, dilute HCl, and water, and then dned over Na^SOi The 
solvent was then removed in vacuo, and the syrup dissolved m absolute 
methanol which had been previously saturated with dry NHj gas at 0° 
After standmg for 3 days at room temperature in a stoppered flask, the 
solution was repeatedly concentrated in vacuo with methanol until it Bas 
free of NH3 Crystallization occurred on addition of ether and petroleum 
ether Yield, 7 0 gm of needles They were recrystallized from methanol 
by the addition of ether and petroleum ether M p , 150-151° 

Ci 5 H, 5 Nj 04 Calculated C 59 0, H 6 2, N 13 8 
305 1 Found “ 59 1, “ 6 3, " 13 6 

Glycyl-l-proline Diketopiperazme — 3 gm of the above amide Bere hydro- 
genated m the usual way m methanol contammg 3 cc of water and 3 cc of 
glacial acetic acid The filtrate was concentrated in vacuo Bath the re- 
peated addition of methanol On addition of absolute alcohol the diketo- 
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piperazine crystallized as regular octahedra The substance contained no 
ammo nitrogen M p , 213° 

CjH.oNiOs Calculated C 54 5, H G 5, N 18 2 
154 2 Found “ 54 4, “ 6 7, “ 18 2 

folo = —197 3° (8 1% in nater) 

Fischer and Reif (15) repoit a melting pomt of 213° and [a]f = -217 4° 
for this compound This compound has also been isolated from several 
different protem hj drolj'sates from gelatm by Levene and Beatt}^ (26) 
who give a meltmg point of 182-183°, from gliadm b}' Abderhalden (27) who 
reports a meltmg pomt of 209° and [ajp® = —206 5°, and from edestm bj 
Abderhalden and Komm (28) who give a melting point of 180-183° and 
[a]“ = -202° 

l-Hydroxyprolylglycine 

Carbobenzoxy-l-hydroxyprobne Hydraztde — ^To 10 gm of hydroxyproline 
meth}'! ester hj'drochloride m 50 cc of water with 100 cc of chloroform 
theie were added m portions with coolmg and shaking 3 gm of MgO and 
15 gm of carbobenzoxy chloride 20 minutes after the last addition, 2 cc 
of pyridine were added 5 N HCI was then added until the aqueous la)er 
reacted acid The chloroform layer was washed with water, bicarbonate, 
and dilute HCI, and dried over NajSOi The solution w as then concentrated 
in vacuo with the repeated addition of alcohol The sjTup thus obtained 
w^as dissolved m 50 cc of absolute alcohol, and filtered 3 8 gm of hydra 
zme hjdrate were added and the solution allowed to stand at room tem 
perature overnight The slight precipitate was filtered and the solution 
concentrated in vacuo repeatedly with ether Yield, 5 6 gm of needles 
They were recrystallized from ethyl acetate-ether M p , 149-149 5° 

CijHi,N ,04 Calculated C 55 9, H 6 1, N 16 0 
279 3 Found “ 55 9, “ 6 0, “ 15 0 

Carbobenzozy-l'hydroxyprobylglycine Benzyl Eslci — 5 gm of carbobenzoxj’ 
Z-hj"dro\yprolme hydrazide were converted to the azide by dissolving m 50 
cc of water with 1 cc of concentrated HCI and 3 cc of glacial acetic acid 
A solution of 1 5 gm of sodium nitrite m 5 cc of wmter was added with 
coolmg and shaking The oilj' precipitate was extracted into ethyl acetate 
and washed with cold watei, bicaibonate, and again with water After 
drying, the solution of the azide was added to a dry ethyl acetate solution 
of gbmme benzyl ester prepared from 5 4 gm of the hydrochlonde, and the 
mixture allowed to stand overnight at room temperature The solution 
was concentrated m nocHo to jneld 4 7 gm of needles Tlie substance was 
tivice recrystallized from ethyl acetate M p , 153° 

C sHt.NsO. Calculated CG41,H5 9, NG8 
412 4 Found “ 64 3, '■ 6 1, “ 0 9 
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l-Hydroxyprolylghjctne — ^3 gm of the above carbobenzoxy dipeptide 
benzyl ester were hydrogenated in the usual way m methanol contammg 2 
cc of glacial acetic acid and 2 cc of water The peptide which crystalhzed 
durmg the hydrogenation was dissolved by the addition of a little water, 
and the solution uas filtered and then repeatedly concentrated m vacuo 
with the addition of methanol Yield, 1 3 gm of needles The dipeptide 
Mas recrystallized from Mater-methanol 

C 7 H, Nj 04 Calculated C 44 7, H 6 4, Ivj 14 9 
18S 1 Found “ 44 8 , " 6 4, “ 14 8 

[a)n = -22 42° (7 7% in Mater) 

l-Prolinamtde Hydrochloride — 9 gm of Z-pioline benzyl ester hydiochlo- 
nde Mere converted to the free ester in ethyl acetate m the usual mannei 
After drjnng, the solvent m as evaporated off Math the three times repeated 
addition of methanol The sjTup Mas dissolved in 75 cc of methanol, 
Mhich M'as previously satuiated Math diy NH3 gas at 0° After standing at 
room temperature for 3 daj's m a stoppered flask, the solution m as repeat- 
edly concentrated Math methanol Yield, 3 gm of needles These Mere 
dissolved m methanol and an excess of dilute HCl was added This solu- 
tion M'as repeatedly concentrated tn vacuo ^vlth methanol The needles of 
the amide hydrochlonde Mere leerjstallized from methanol-ether M p , 
173-175® 


CsHuNjOCI Calculated C 39 9, H 7 4, N 18 6 
150 6 Found “ 40 0, " 7 4, “ 18 5 

l-Hydroxyprobnamide — f-Hj di oxypi oline niethjl estei M'as prepared m 
drj chloroform solution from 4 6 gm of the hydi oehloride The solution 
Mas concentrated tn vacuo Methanol mbs twace added and the solution 
agam evaporated The syiaip Mas dissolved in 75 cc of methanol, and the 
solution satuiated Math diy NH3 and kept in a stoppered flask for 2 days at 
room temperature The solution mbs lepeatedly evaporated in lacuo, tvith 
the addition of methanol Yield, 2 2 gm of needles They m ere recr3'stal- 
lized from ethyl acetate M p , 139° 

CiHioN O. Calculated C 46 1 , H 7 8 , N 21 5 
130 2 Found “ 46 1, “ 8 0, 21 2 

Carbobemoxy-l-prolyl-l-pioline — ^This Mas prepared as described by 
Abderhalden and Nienburg (13) 

l-Alanylglycylglyctnc — This Mas piepared as desenbed bj’’ Bergmann 
and Fruton (3) The caibobenzoxj'-Z-alanylglycme hydrazide used in the 
preparation of the tripeptide had, after recrj'stallization from hot Mater, a 
meltmg point of 157° Bergmann and Fruton give for this compound a 
melting point of 145-147° 
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Carbobemoxyglycylglycine Hydrazide — ^This -nas prepared as desonbed by 
Rmke (25) 

Carbobenzoxyglyeyl-l-pToline and Glycyl-l-prohne — ^Tbese were prepared 
as descnbed by Bergmaan, Zervas, Schleich, and Leinert (21) 

SOMMASr 

1 The preparation of a Meucme-ammoexopeptidase from aqueous ex 
tracts of swine mtestmal mucosa is descnbed The punfied enzyme pro 
tern IS stable but becomes rather unstable when activated by Mn''+, thus 
frustratmg attempts at establishing reliable proteolytic quotients 

2 Two procedures are descnbed for the preparation of prolidase (sub 
strates, glyc5d4-prolme and gljcyl-Z-hydroxyprolme) from mtestmal mu 
cosa Prohdase is activated by Mn++, but not by Mg^, Co++, Cu++, or 
Zn++ With the manganese-activated enzyme, satisfactory first order 
velocity constants were obtamed 

3 Swme mtestmal mucosa is found to contam one or several endopepti 
dases hydrolyzmg carbobenzoxyglycyl-f-prohnamide and carbobenzoxy 
glycyl-f-hydrox-yprolmamide 

4 Swme mtestmal mucosa contains, m addition to Meucme aimnoaxo- 
peptidase, a second enzyme that hydrolyzes Meucylglycylglycme to yield 
leucme and glycylglycme In contrast to the leucinepeptidase, thenen 
enzyme is not activated by Mn++ and acts not at all or only very slonly 
upon Meucylglycme It is tentatively classified as a glycme-imidoendopep- 
tidase 

5 Swme kidneys contams an enzyme which, m the presence of added 
cysteme, hydrolyzes carbobenzoxyglycyl-f-prohne 

6 Evidence is offered for the presence m swme mtestmal mucosa of 
enzymes hydrolyzmg glycylglymme and glycyl-Meucme, glycyl I alanme, 
Z-alanylglycme, f-prolylglycme and Z-hy’-droxyprolylglycme, and dim 
cylglycylglycme 
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ELECTROPHORESIS, SEDIMENTATION, AND ADENOSINETRI- 
PHOSPHATASE ACTIVITY OF MYOSIN 

By MORRIS ZIFF a.sd DAN H MOORE 

(From the Department of Biochemistry and the Electrophoresis Laboratory, 
College of Physicians and Surgeons, Columbia University, New York) 

(Received for publication, February 18, 1944) 

In 1939 Engelhart and Ljubintova (1) showed that myosin extracts were 
able to comert adenosine triphosphate into adenosine diphosphate and 
inorganic phosphate This work has led to an mterestmg concept of the 
manner in which chemical energt is transformed into the mechanical 
energ}' of muscle contraction (2, 3) A number of investigators (I, 4) have 
attempted to separate the adenosinetnphosphatase activity of mjosin 
extracts from the myosin bj precipitation methods, but to date this has not 
been possible The present communication reports on the electrophoretic 
migration of m 3 'osm m the Tiselius apparatus and the determination of the 
adenosmetnphosphatase actmtv of lanous fractions removed from the 
Tisehus ceU following electiophoresis Values for sedimentation and diffu- 
sion constants for myosin are also gi\ en 

EXPERIMENTAL 

Preparatioti — ^lyosm w as prepared from leg muscle of the rabbit bi the 
method of Greenstem and Edsall (5) Adenosine triphosphate was pre- 
pared as the monobanum salt accordmg to Kerr (6), and was conveited to 
the sodium salt by treatment with sodium sulfate Adenosinetnphospha- 
tase w as measured after treatment w ith glutathione by a method prexiouslj'’ 
descnbed (7), the activity being given in micrograms of inorganic phos- 
phorus hberated enzymaticall) at 37° and pH 8 6 
Electrophoresis — The mj osm preparations were analj^zed at pH 6 2 in 
phosphate buffer, and at pH 7 4, 7 8, and 8 6m borate buffer (see Table I) 
All the buffer solutions contained 0 4 m KCl Electrophoretic patterns 
(Fig 1) taken at the end of 6 hours (1 80 \ olts per cm ) mdicated a homoge- 
nous matenal, but after electrophoresis for 16 to 20 hours (1 16 vmlts per 
cm , pH 7 8), a small fraction of lower mobihty began to appear (Fig 2, A), 
and after 67 hours the pattern of Fig 2, B was obtamed 
In order to determme whether the enzymatic activit 3 ’’ was associated 
with the mam electrophoretic component, samples taken at the end of three 
experiments were measured These experiments were earned out at pH 
7 80 m borate buffer contammg 0 4 m KCl with a 10 ml Tisehus cell In the 
first experiment after electrol 3 sis for 16 hours, fiv e 1 ml samples w ere taken 
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as follows Sample 1 , buffer solution immediately above the ascending bound 
ary, Sample 2, protem solution immediately below the ascending bound 
ary, Sample 3, middle fraction from the bottom of the U-tuhe, Sample 4, 

Table I 

MobilUtes of Myotm 

Myosin concentration in Eicpenments 1,2, and 4, 0 91 mg of N per ml , in Erpen 
ment 3, 1 04 mg of N per ml , the phosphate buffer contained 0 02 M POJ, 0 05ii 
NaCl, 0 40 M KCl, the borate buffer contained 0 11 m HjBOj, 0 053 m NaOH, OCHS 
M HCl, 0 40 M KCl 


Experiment No 

pH 

Buffer 

Mobility X 10* an* per 
sec per volt descending 

1 

6 20 

Phosphate 

2 60 

2 

7 35 

Borate 

2 79 

3 

7 80 

H 

2 94 

4 

8 65 

ft 

3 10 



pH8 6 


- pH 74 

Fig 1 Electrophoresis patterns of myosin obtained after 6 hours at 1 80 volts per 

cm (arrons pointing nght indicate descending patterns, left, ascending) 
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protein solution immediately below the descending boundary, Sample 5, 
buffer solution immediately above the descendmg boimdary It was found 
that there was no adenosinetnphosphatase activity in the buffer solutions 
above either boimdary and that the activity was uniformly distnbuted in 
the protein (see Table II) 

In the other expenments m which electrophoresis with compensation was 
contmued for 63 and for 67 hours respectively, the small, more slowly 
migratmg component, constitutmg 15 per cent of the total protem as calcu- 
lated from descendmg pattern areas, was effectively separated and a 0 5 
ml sample of it was taken from the descendmg hmb of the cell Similarly 
a 0 5 ml sample of the fast component was taken from the ascendmg hmb 
Buffer solutions taken from above each of the boundanes were again found 
to be devoid of activity Only 9 per cent of the total en 2 ymatic activity 

Table II 

Adenosinelriphosphatase Activity of Myosin Samples Removed from Ttselius Cell 
Following Eleclrophorests for 16 Hours 


Myosm concentration of all samples, 0 59 mg of N per ml , borate buffer (see Table 
I). pH 7 80 


Origin of sample 

Adenosioetripbos- 
pbatase activity 

Behind ascending boundary 

23 

Middle of U-tube 

24 

Ahead of descending boundary 

24 

Solution before electrophoresis 

21 


* Given in micrograms of inorganic phosphorus liberated enzymatically at 37° 
and pH 8 6 


was associated with the slow component m one experiment (see Table III) 
and even less m the other Determmation of the specific activity per mg 
of the slow component was necessarily m some error because of the small 
amounts of protem obtamable and because of the probabihty of admixture 
of small quantities of the fast component It is evident from Table III, 
therefore, that at least 90 per cent of the adenosmetnphosphatase actinty 
IS associated with the mam electrophoretic component of myosm 

Ullracenlnfugatton — Two preparations of myosin, one contammg 0 91 
mg of N per ml and the other contammg 0 52 mg of N per ml , v ere 
analyzed m the ultracentnfuge (8) at pH 7 8m borate buffer (see Table I) 
contammg 0 4 m KCl, and both were found to be monodisperse (see Fig 3) 
A sedimentation constant of 9 5 Svedberg units after correction to pure 
water was calculated for the matenal at higher concentration and 12 0 for 
the matenal at lower concentration Diffusion constants vere measured 




A METHOD FOR THE ASSAY OF RIBONUCLEINASE 
IN BIOLOGICAL MATERIAL* 


By J A BAIN and H P BUSCH 

(From the McArdle Memorial Laboratory, Medteal School, University of Wisconsin, 

Madison) 

(Received lor publication, February 7, 1944) 

Ribonuclemase splits nbonucleie acid into smaller fragments which are 
diffusible through semipermeable membranes and which are no longer pre 
cipitable by dilute mineral acids These fragments have been shown to be 
mononucleotides undyhc, c 3 '-tidyhc, guanylic, and aden 3 ’-hc acids (2) The 
enzyme has been studied in various stages of punty (3, 4) and has been 
isolated and crystaUized (1) Few data are available upon the occurrence 
of nbonuclemase m tissue, and m view of the probably sigmficant rfile that 
nucleoproteins hold in cellular economy (5) and the possible importance of 
this enzyme m their metabohsm such information would be highly interest- 
ing Methods used for quantitative estimation of the enzyme durmg the 
course of its punfication mvoh e the determination of “soluble phosphorus” 
or “diffusible phosphorus" (6, 1), but such techmques have not been used, 
nor do they seem suited, for the assay of whole tissue Since the enzjune 
acts, upon its substrate to liberate titratable acidic groups (1, 7), it was 
possible to develop a manometnc method m which the acidic groups were 
made to evolve carbon dioxide from a bicarbonate buffer and the evolution 
of the gas followed by means of the conventional Warburg apparatus This 
method and its apphcation to the assay of vanous tissues are descnbed 
herein 


EXPERIMENTAL 

Development of Method — The details of the method were first worked out 
with a crystalhne enzyme prepared according to Kumtz’ (1} P\infied 
yeast nucleic acid was used as a substrate Punfication w as accomplished 
by precipitatmg commercial nucleic acid^ with glacial acetic acid, washing 
four times with water, once with ethyl alcohol, once with ethjl ether, and 

* The enzyme, which was provisionally named "nbonuclease” b> Kunitz (1), 
has been designated throughout this paper as ‘'nbonuclemase” according to the sug- 
gestion of Lonng and Carpenter (2) 

This investigation was aided by a grant from the Jonathan Bowman Fund for 
Cancer Research 

^ The crystalline enz 3 Tne w as prepared by Mr Gerald C Mueller of this laboratory 
We are also indebted to Dr Kunitz for a sample preparation 

’ Pfanstiehl Chemical Company, Waukegan, Blinois 
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then drying in a \acuum desiccator This Mas an essential procedure, 
because ivuth unpunfied preparations the rate of carbon dioxide exolution 
falls off rapidly, possibly from inhibition of the reaction by decomposition 
products present m the crude nucleic acid 
The components of the test system -were as follows 1 0 ml of 0 1 m 
N aHCOa, 2 0 ml of yeast nucleic acid solution contaimng 100 mg per ml , 
and 0 1 ml of crj'stalline enzyme solution contammg 0 2 mg per ml 
The above solutions were pipetted into the Warburg reaction vessel, the 
ensAune solution being placed in the side arm The apparatus vas thor 
oughly gassed with a 5 per cent COj-95 per cent O: mixture, eqmlibrated for 
10 minutes at 37°, zero readings taken, and the enzyme solution tipped from 
the side arm The first 5 minute reading uas discarded and the next two 
or three readings w ere used to determine the rate Although the amount of 



Fig 1 Effect of pH on nbonucleinase activity 

Fig 2 Effect of \ anation of substrate level on nbonucleinase activitj Begin 
ning with the highest, the curves represent 200, 150, 76, 50, and 25 mg of substrate 
per flask respectively 

COo liberated is dependent on the punty of the enzjTne preparation, a 
tx pical system gave about 30 c mm of CO- per 5 minute interval at a linear 
rate for a penod of 20 to 30 minutes 

The pH of the medium m as controlled by x arjung the concentration o 
the NaHCOj used When subjected to a constant pC0«, the pH of a 
medium contaimng NaHCOs, other factore being constant, is a function o 
the concentration of the bicarbonate folloxnng the Henderson-Hasselba c 
relationship The bicarbonate concentration x\as varied from 00009 o 
0 066 final molarity in appropnate steps The pH x\ as checked with a g ass 
electrode at the end of a 20 minute run to detect x anations from ™ 
lated xalues The results xvere recorded in the form of a curie ( i6 
from xihich it xxnll he seen that the optimum pH is approximatelj > ’ 
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agreement mth Kumtz (1) who used the “soluble phosphorus” method to 
follow activity 

In this method of assay it is necessary to be certain that sufficient sub- 
strate IS present to saturate the enzyme throughout the period of measure- 
ment (8) Substrate levels were therefore vaned from 25 to 200 mg per 
flask m appropnate increments by use of the system descnbed above 
Results presented in Fig 2 demonstrate that 200 mg of nucleic acid were 
more than enough to saturate 0 01 mg of crystalline enzyme for at least 
20 minutes 

In order to determine whether the rate of carbon dioxide production was 
proportional to the amount of enzyme present, the enzyme levels were 
vaned from 0 01 to 0 1 mg per flask in a system contaimng 300 mg of 
nucleic acid The results are shown in Fig 3, where rate is plotted against 
enzyme concentration A straight line was obtained from 0 01 to 0 05 mg 



Fig 3 Relation between rate of carbon dioxide evolution and nbonucleinaae 
concentration 

of enzyme per flask, which indicates that proportionality exists between 
enzyme concentration and the rate of gas production wathin this rahge 
Preliminary investigations on the effects of inorgamc ions indicated that 
aluminum, potassium, manganese, barium, chlonde, and sulfate at final 
molarities of 0 001, and magnesium and calcium at levels of 0 004 final 
molarity had no effect upon the si stem Copper and zinc, how e\ er, gave 
inhibitions up to 50 per cent at final molarities of 0 001 

In the expenments described thus far no attempt w^as made to correct 
for the letention of carbon dioxide by the medium, since the errors inx ol\ ed 
Were either small or compensatory and would make httle difference in the 
over-all picture obtained Howexei, if the method is to be used as an 
enzyme assay, particularly m tissue in which there are a number of buffers, 
a correction must be applied in order to obtain accurate estimates of the 
amount of enzyme present The retention correction for a given si stem is 
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most easily obtamed by direct methods (8) Warburg flasks, so designed 
as to allow the addition of tw o substances to the system at different tunes, 
are required Flasks with tw o side arms w ere found to be convement In 
one side arm was placed a measured amount of standard citnc acid The 
flask was then placed in an oven at 75° until the acid was completely dried 
This was done in order to avoid changes in volume when the standard acid 
was added to the system In the other side arm was placed the requisite 
amount of substrate solution, while the mam part of the flask contamed the 
tissue to be assayed, the NaHCOj buffer, and wafer to make a total volume 
of 3 0 ml The flask was gassed and equihbrated m the usual manner and 
the substrate tipped in The rate was followed for two 5 minute penods, 
at the end of the second period the dried acid w'as washed into the main 
part of the flask and three more readings taken The first tw o and the last 
two readmgs gave the steady rate of the system The difference between 
this rate and the third reading gave the amount of carbon dioxide evolved 
by the standard acid The variation betw een this value and the value oh 
tamed by dumping standard acid mto NaHCOj alone allowed a calculation 
of the retention correction to be made The amount of acid introduced 
mto the system w as not large enough to change the pH and thus the activity 
of the enzyme was not affected The correction obtamed is a function not 
only of the buffering capacity of the medium, but also of the volume of the 
flask and the amount of the gas evolved (9) 

In the conventional method (9) each flask is calibrated mdividually A 
method has been devised whereby any number of flasks may be cahbrated 
for retention from the data obtamed by the use of just one flask, provided 
the volume of each is known 

If the flask constants (fc) are calculated for a senes of flasks m the usual 
manner, a = 0 550 (9), and plotted against the gas volumes (Fj), a straight 
line, hereafter referred to as the base-lme, is obtained (Fig 4, Cun'el) 
Suppose that a medium which retams carbon dioxide is introduced into these 
flasks Each flask will now have a constant which is equal to K plus an 
amount r which will vary with each flask If these new k values are plotte 
against F„ as before, a straight line wall again be obtamed, but wall be foun 
to he above the base-line and to have a different slope (Fig 4, Curve I ) 
The charactenstics of this hne are reflections of the fact that the amoun o 
retention is a function of the buffenng capacity of the medium, the vo ume 
of the flask, and the amount of gas evolved , 

By introducing a given medium into three flasks of different volumes an^ 
measunng the amount of COj given off when a knowm amount of 
acid was added, a retention hne was determined directly This ^ 
with several media of different retentions and the data plotted as s ° 

Fig 4, Curves II, III, and IV It was found that the slope (m) o 
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lines ■was proportional to the value of ^ at a given volume, t e , when Vg is 
eonstant, 

( 1 ) hrnn = knirii 

( 2 ) kimm *= Kmmt 

( 3 ) Kitniy = kiyTTll 

With this fact established (Table I) it became apparent that the retention 

line for a given medium could be determined from the data of one flask if the 



Fig 4 Carbon dioxide retention curves Curve I is the base line (see the text) 
Curves 11, III, and IV are retention lines for media of varying retentions 


Table I 

Relation between Slopes and Ordinates of Series of Carbon Dioxide Retention Curves* 


Carve No 

m 

k 


‘x"! 

I 


1 400 


mmm 

II 


1 676 

1 365 


III 

1 000 

1 610 

1 400 


rv 

1 025 

1 645 

1 435 

1 440 


* See Fig 4 


base-hne and the volume of the test flask were knotvn The method of 
arriving at this conclusion is demonstrated as follows 

From Dixon (9) L = x/h, where A. = the constant of the test flask of 
volume Vg, x = the theoretical c mm of carbon dioxide evolved bj'' n ml 
of standard acid, and h = the manometer readmg produced bj n ml of 
standard acid 

Solvmg Equation 1 for m, we find m = Ambuo/AbMo, where m is the slope 
of the retention Ime, mbaw the slope of the base-hne, and L and Abase the 
constants of the flask of volume Vg at retention and at base-line levels 
And solvmg a simple analytical equation for a straight Ime, v e ~ 

m{V'g - Vg) -f A, where A' is the constant of the flask of volume T , at 
retention hne level 
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With Yo knoivn and Y[ arbitranly assigned, ^ and I! can be calculated 
from the abo\e equations and the retention line thus defined by the points 
and {V ,V’^) constructed The constant for any apparatus volume 
may non be read directly from the retention curve for the medium in\ olved 

Assay of Tissues — The method descnbed above has been utilized in esti- 
mating the amount of nbonucleinase occurnng in \anous tissues of the rat 
A nater homogenate of the tissue to be assayed nas prepared bi use of the 
homogemzer descnbed by Potter and Elvehjem (10) The strength of the 
homogenate n as adjusted according to its content of nbonucleinase togne 
rates corresponding to the linear range of Fig 3 The equilibration penod 
nas lengthened in order to ehminate effects of endogenous oxygen uptake, 
and as a further check on this point a control flask inthout substrate a as 
used The same end can be better obtained by using a gas mixture contain 
ing an inert gas mstead of the 5 per cent COj-Sfi per cent 0: mixture, but 
unfortunately the former was not available at the time most of the expen 
ments x\ ere run It n as found, however, that lengthemng the equilibration 

penod practically eliminated endogenous effects Since the nbonuclei 
nase is remarkably stable (6, 1), this additional treatment did not change 
the enzyme activity, expenments on spleen and kidney nith 5 per cent 
COs-95 per cent Nj yielding the same lesults as those in nhich 5 per cent 
CO 2-95 per cept O 2 n as employed All assays on liver n ere carried out mth 
5 per cent COi-flS per cent N 2 

The complete assay set-up, therefore, consisted of three flasks charged as 
follons Flask 1, nucleic acid (side arm), NaHCOj buffer, tissue, nater, 
Flask 2, nucleic acid (side arm), NaHCOj buffer, tissue, nater, standard 
acid (second side arm). Flask 3, NaHCOj buffer, tissue, water 

Flask 1 was the assay flask proper Flask 2 served to determine the re 
tention of carbon dioxide, and the rate befoie and after the addition of the 
standard acid provides duplication of Flask 1 Flask 3 is a control on endog 
enous effects 

Variation over an appropriate range of the amount of tissue used per 
flask demonstrated that the CO2 output was directly proportional in eveiy 
case to the mg of tissue used 

Bolomey and Allen (11) have reported that the action of a non speci c 
phosphatase preparation upon nucleic acid is increased 50 to 150 per cen 
following preliminary treatment of the acid with nbonuclemase Fluon e 
and cyanide have been reported to inhibit acid and alkaline phosphatases 
respectively (12, 13) and their inhibitory action on the phosphatase ’ 

of xanous homogenates at pH 7 4 was confirmed in this laboratory 
determine w'hether or not phosphatase activity was affecting the ksu 
the nbonucleinase assay m /150 NaF and NaCN were added to '*^2 
of Flask 1 in the assay set-up Typical results are given m a ® 
These data show that m /150 NaF and NaCN do not inhibit crysa 
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nbonuclemase activiU and that theie is no significant difference between 
the activitj of the inhibitoi treated and natural homogenates, indicating 
that non-specific phosphatases aie not an important source of error in the 
assay 


Table II 


Effect of Phosphatase Inhibitors upon Rtbonucleinase Assay 


Tissue 

Rate (duplicate determinations) 

Crjstallme nbonuclemase 

microltUrs COi per 3 mtn 

14 5, 15 0 

■■ " + it/150 KaF and NaCN 

15 0, 15 0 

Kidnej 

12 0, 12 5 

“ -t- m/150 NaF and NaCV 

12 0, 12 0 

Spleen 

10 0, 10 0 

“ + m/150 NaF and NaCN 

11 0 

Pancreas 

32 0, 30 0 

“ + m/150 NaF and NaCN 

20 n 

Liver 

5 0 5 0 

“ + m/150 NaF and NaCN 

5 5 5 5 


Table III 

Rtbonucleinase Content of Rat Tissues and Various Tumors 


The values are expressed as c mm per mg (wet weight) per hour 


Tissue 

No of samples 

Range 

Average 

Pancreas 

8 

13 00-20 04 

16 70 

Spleen 

12 

1 80- 2 49 

2 06 

Kidney 

10 

1 44- 1 85 

1 63 

Submaxillary 

5 

0 90- 1 02 

0 98 

Lung 

5 

0 65- 1 20 

0 98 

Liver 

5 

0 33- 0 41 

0 37 

Cardiac muscle 

2 

0 36- 0 36 

0 36 

Skeletal “ 

2 

0 30- 0 36 

0 33 

Walker carcinosarcoma No 256* 

5 

0 96- 1 20 

1 06 

Flexner-Jobling carcinoma* 

5 

0 48- 0 60 

0 55 

Yale No 1 adenocaremomaf 

5 

0 72- 0 84 

0 75 

Fibrosarcomaf 

5 

0 42- 0 66 

0 51 


* Rat tumor 
t Mouse tumor 


DISCUSSION 

Table III summanzes the results obtained upon eight normal rat tissues 
and four tumors It wall be seen that the values obtamed for pancreas 
w ere very much higher than anj of the other tissues assayed The \ ana- 
tion between different animals was also quite marked m the case of this 
tissue The latter circumstance was probably due to the fact that it was 
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extremelj difficult to sample the organ satisfactonly because of its diffuse 
nature The head of the pancreas of the rat n as more active than the tail, 
and the -values gi-ven are for the head as nearly as it could be obtained bj 
macro dissection 

Prehminary determinations indicate that lymph gland, brain, and whole 
blood also contain appreciable amounts of nbonucleinase 

There are a few points of special interest -with regard to the data presented 
in Table III As may be seen, the nbonucleinase content is much higher 
in the glandular than m non-glandular tissues This may be associated 
with the differences in the respective functions of these tissues In addition, 
these results show a rough correlation mth the nbonucleic acid content of 
tissues, pancreas is nch in this acid, -while muscles are poorly supphed (14) 
There seem to be no stnkmg features about the amount of nbonucleina'^e 
in tumor tissue as compared to normal tissue The same type of result has 
been reported by Greenstem and Thompson (15) for nbonucleodepob- 
merase and thymonucleodepolymerase, other enzymes which are known to 
act upon nucleic acids No difference in the actmty of these two enzymes 
was found in normal and neoplastic tissues However, the Walker car 
cmosarcoma No 256, which is probably the fastest growmg and the most 
mahgnant of the four tumors assayed, does have the highest nbonucleinase 
content Further speculation must w ait upon a more specific knowledge of 
the function of this enzyme in the processes of cellular physiology 

SUMMAET 

A manometnc method for the determination of nbonuclemase in animal 
tissue IS descnbed and a simple procedure for the correction of carbon 
dio-ade retention is also given 

The method has been appbed to the assay of a number of normal and 
neoplastic tissues of the rat Pancreas was found to be relatively hi^, 
w’hile spleen, kidne3’-, submaxiUary, lung, liver, and muscle followed in that 
order No important difference was found between the nbonucleinase 
actmty of normal and neoplastic tissue 


BIBUOGRAPHY 

1 Kumtz, M , J Gen Phyatol , 21, 15 (1940) 

2 Lonng, H S , and Carpenter, F H , / Siol Chem , iSO, 381 (1943) 

3 Jones, W , J Btol Chem , 12, 31 (1912) 

4 Schmidt, G , and Levene, PA,/ Btol Chem , 126, 423 (1938) 

5 Mirsky, A E,inNord, F F , and Werkman, C H , Advances in enz; 

related subjects. New York, 3, 1 (1943) 

6 Dubos, B. J , and Thompson, R H S , / Btol Chem , 124, 601 (1938) 

7 Allen, F W , and Filer, J J , / Btol Chem , 137. 757 (1940) 



J A BAIN AND H P BUSCH 


667 


8 Potter, V R , in Nord, P F , and Werkman, C H , Advances in enzymology and 

related subjects, Non York, 4, 201 (1044) 

9 Dixon, M , Manometric methods, Cambndge (1934) 

10 Potter, V R , and Elvehjem, C A , J Biol Chcm , 114, 495 (1936) 

11 Bolomej , R A , and Allen, F W , j Biol Chcm , 144, 113 (1942) 

12 Massant, L , and Vandendnessohe, L , Nalurvnssenschaften, 28, 143 (1940) 

13 Belfanti, S , Contardi, A , and Ercoli, A , Biochem J , 29, 517 (1933) 

14 Davidson, J N , and Waymouth, C , Nature, 162, 47 (1943) 

15 Greenstein, J P , and Thompson, J W , J Nat Cancer Inst , 4, 271 (1943) 



670 


PHOSPHATASES 


quite readily at pH 4 9 and room temperature, the buffer and the disodium 
phenyl phosphate solutions were prepared separately and mixed just before 
use 


Results 


The results in both the short and long term senes of experiments are very 
similar The phosphatases of the liver and intestine are not affected either 
b}’- castration or testosterone propionate treatment Therefore, the values 
for these tissues have been oimtted to save space The enzjanes of the 
kidneys, however, shoii ed sigmficant changes as a result of both castration 
and testosterone propionate therapy 
The kidneys decreased in size as a result of castration and hypertrophied 
as a result of testosterone propionate treatment (Table I) These two 
phenomena now have been observed by several groups of investigators 
(13'16) 

Kidney ‘‘Alkaline" Phosphatase — ^The total “alkaline” phosphatase 
content of the kidneys of the castrated mice decreased in both expenments 
(Table I) but the amount per gm of tissue showed no change in the 35 day 
experiment and increased somewhat but probably not significantly in the 
115 day expenment 

The kidneys of both the castrated and normal mice treated with testos 
terone propionate show very siimlar and large decreases m “alkahne 
phosphatase when calculated either as per gm of tissue or total content 
Similar changes were obtained in the kidneys of normal female mice of 
the same age when treated with testosterone propionate pellets 
Kidney “4«d” Phosphatase — In contrast to the “alkahne” phosphatase, 
the “acid” phosphatase increases in the kidneys of the testosterone pro- 
pionate-treated mice (Table I) Furthermore, the increase is greater in 
the ammals treated over the longer period of time and the values per g® 
of tissue now also are sigmficantly mcreased , 

It IS noteworthy that the enzjnnes of the kidneys of both the normal an 
castrated mice responded in a siimlar manner to testosterone propiona e 


treatment , 

Withdrawal of Testosterone Propionate — ^At autopsy of the mice in o 
long term expenments, no pellets were recovered from the implan ' 
sites in three of the treated normal ammals The hormone 
had been completely absorbed only a few days prevnously, because 
kidneys and seminal vesicles and prostates showed the same 
size as those of the mice with intact pellets Furthermore, the a 
phosphatase showed the same decrease in activity but the 
phatase no longer was increased, it had decreased to 3 4, 3 6, an 
per gm , or less than half that of the intact ammals and somewhat 
that of the castrated and normal controls Smce no such low va u 
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obtiuned m eithei the noimal or castrated mice inth pellets intact at 
avitopsj, It ma\ be assumed, unth due legard foi the small number of 
animals, that the 'acid'' phosphatase a alues of the kidneys of the mice 
that lost then pellets u as also increased but decreased after loss of stimula- 
tion by the androgen Therefore, since the kidney weights of these mice 
did not change, it w ould seem that the effect of testosterone propionate on 
, ‘acid” phosphatase is probablj a direct stimulation of the cells to produce 
more of this enzjone, while the effect of the andiogen on “alkaline" phos- 
phatase IS associated with the inciease in size of the kidnej 
Phosphatases of Tissues of Normal Mouse — ^In older to show the distnbu 
tion of the enzymes in the various tissues, the a alues obtained for the 


Tabi.ib II 

Comparison between “ ilkaltnc''* and Phosphatases of Tissues of Normal 

Mouse 


1 

1 

Tissue 1 

j Age 75 days j 

j Age lS5d3>5 

AlLaline 

' 1 
Acid 


Alkaline 

Acid 

AlkaUnt 

Acid 


until 

until 

j 

1 uni)3 

untis 1 


I 

per im 

P<r tm 


per em 

per in 


Ividney ! 

202 0 

6 7 1 

30 1 j 

; 263 0 

4 6 

67 1 

Intestine 1 

66 0 

4 6 

14 4 

; 117 0 

56 

200 

Liver j 

8 S 

6 4 

1 dt 1 

11 4 

5 6 

' 2 Of 


* 1 unit 18 that amount of phosphatase activity w hich at pH 9 8 and 37° mil hher 
ate 1 mg of phenol from the disodium phenjl phosphate substrate in 1 hour 
t 1 umt IS that amount of phosphatase actnitj which at pH 4 9 and 37° will hb 
erate I mg of phenol from the disodium plicnyl phosphate substrate m I hour 
t The “acid” to “alkaline” phosphatase ratio of the liver vanes with strains and 
species A miNcd albino strain of mice had an “acid” to "alkaline" phosphatase 
ratio of 2 1 in the liver, and both male and female rats of our colons from W istar 
stock had an “acid” to “alkaline” phosphatase ratio of 15 1 m the hacr 

organs of the normal animals are piesented in Table II The amounts of 
“acid” phosphatase in all of the tissues aie small and of about the same 
order of magmtude The “alkaline'' phosphatase, on the other hand, 
occurs in large amounts in the kidneys and intestine, while the ha er contain' 
smaller amounts’ 

Age and Amount of Phosphatases — ^All the oigans of the older animals 
contain somewhat greater amounts of “alkaline” phosphatase than tio'e 
of the younger mice (Table II) 

’ The "acid” to "alkaline” phosphatase ratio of the liver vanes with 
species A mixed albino strain of mice had an "acid” to “alkaline p 
ratio of 2 1 in the liver, and both male and female rats of our colon} from 
stock had an "acid” to “alkaline” phosphatase ratio of 15 1 in the liver 
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The “acid” phosphatase of the kidney and liver is somewhat less and 
that of the intestme greater in the older animals 

DISCUSSION 

Although testosterone propionate produces changes in the phosphatases 
of the kidneys, it does not affect the enzymes of the liver or intestine It 
might be assumed, therefore, that the kidney, m order to retain phosphorus 
to satisfy metabolic demands imposed by testosterone propionate (1-9), 
decreases its “alkaline” but increases its “acid” phosphatase content The 
decrease m “alkaline” phosphatase probably is of greater importance than 
the increase m “acid” phosphatase because of the much greater amount of 
the former 

It is impossible to state at present m precisely what structures of the 
kidne}’’ the phosphatase changes occur Experiments now being completed 
b5 the Gomon histochemical techmques (17) are hoped to elucidate this 
point and provide further information as to the purpose of the changes in 
enzyme activities 

The phosphatases of the mouse kidnej's are not the onl} enzymes 
affected by testosterone propionate treatment The argmase^ and rf-aimnc 
acid oxidase (18) content of this organ are increased m even greater amounts 
than the changes noted in the phosphatases 

SUMMARV 

There was a decrease in the “alkahne” (pH 9 8) phosphatase accom- 
pamed by an increase in the "acid” phosphatase (pH 4 9) in the kidneys of 
normal and castrated mice treated for 35 and 115 days mth a subcutaneous 
pellet of testosterone propionate Castration resulted in a decrease in 
both of the enzymes in about the same proportion as the dimmution m 
kidney weight 

The enzymes of the liver and intestme were not sigmficantly changed as a 
result of testosterone propionate treatment or castration 

The tissues of the older mice contained more “alkahne” phosphatase than 
those of the younger animals 
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The isolation and purification of particulate components biologically 
characteristic of influenza virus A (PR8 strain) (1), influenza virus B (Lee 
strain) (2), and the svnne influenza virus (3) have been reported These 
components were obtained, by adsorption on and elution from chicken 
red blood cells combined with ultracentnfugation or by ultracentnfugation 
alone, from chorioallantoic fluid of chicken embryos infected with the 
respective types of the influenza virus By these procedures concentrates 
of the particles were obtained in preparations of a high degree of homo- 
geneity with respect to particle kmd, with characteristic sedimentation 
constants and average particle sizes, as detennmed from sedimentation 
data and from electron micrographs Prehmmary cheimcal analyses, 
already reported bnefly, showed the three types of influenza virus to be 
constituted of hpoprotein-carbohydrate complexes contaimng nucleic acid 
of the desoxypentose type The present paper is concerned with a detailed 
descnption and companson of the analyses made on influenza viruses A 
(PR8 strain) and B (Lee strain) and the swine influenza virus 


Material and Methods 

In the previous work with the three types of virus, various modifications 
in methods and techmque were mtroduced or discarded from time to tune 
For the present work a uniform techmque was adopted for obtai^g the 
concentrates of the three types of virus m order to have a better basis for 
comparing the results of the analyses The strains of the influenza virusM 
employed for analysis were the same as those already desen in e 
reports on the studies on purification (1-3) 

For vuus cultivation a K)-^ dilution in hormone broth of We'^ous 
passage virus-infected chorioallantoic flmd was inoculate in m 


» This work was aided by the Dorothy Beard Research Fund and by 

Duke University from the Lederle Laboratories, Inc Board 

was supported m part by the Commission on Acute Re^iratory D.Beases Beam 

for the Investigation and Control of Influenza and Other ^®^“ted 

the Army, Preventive Medicine Service, Office of the Surgeon General, United 


States Army 


676 



67G 


INTIitJENZA. VIRUSES 


\ olumes into the chonoallantoic ca\ntv of chick embn os of 11 da} s incuba- 
tion at 37 5° Aftei 42 hours incubation at 37° foliovmg inoculation, the 
nrus infected chorioallantoic fluid was drawn off, chilled m \essels im- 
mersed in cracked ice, and then spun iir the angle centnfuge (in collodion 
tubes 3 5 inches long and 1 0 inch in diametei in a comcal head. Inter- 
national centrifuge No 2) at 2000 g for 10 minutes Groups of 800 to 
1000 chick embn os were used at a time to pronde the pools of chono 
allantoic fluid sufficient to }aeld m a single batch the quantity of the 
respecti\ e t}'pcs of punfied larus adequate for anahsis (100 to 200 mg ) 

Purification was effected in all instances b} the coftibined procedures of 
adsorption on and elution from washed chicken red blood cells (4, 5) 
follow ed b} ultracentnfugation It has seemed that this method has gii en 
better final concentrates, as judged b} anal} sis m the ultracentnfuge and 
examination in the electron microscope, than ultracentnfugation alone 
The step of preliminary dialysis against Ringer-calcium chlonde sduhon 
(1), frequentl} used in the earlier work to remoie amorphous urates and 
inorgamc salts, was omitted This procedure was impractical with large 
■V olumes of chonoallantoic flmd, and its pnncipal advantage, the apparent 
dispersmg action and prevention of marked aggregation of the nrus 
particles when thei were sedimented at 27,000 g, was supplanted b} the 
reduction of the centnfugal field to 20,000 g for final sedimentation 
Under the influence of this field the vinis sedimented readily, but the 
pellets were not is tenaciousl} packed as when sedimentation was earned 
out at 27,000 g Pellets sedimented at 20,000 g redispersed qmckl} in 
Ringer-calcium chlonde solution (1), which was used as the dispersion 
medium after ultricentnfugation 

The chilled chonoallantoic fluid, after angle centrifugation, was parceled 
in 200 ml lots in 250 ml centnfuge bottles, and the iirus w as adsorbed on 
w ashed, adult chicken red blood cells, slow 1} added with stirnng F or the 
influenza \urus A and the swine influenza virus, 3 ml of packed cells per 
100 ml of fluid were used Wth the influenza imis B, which does not 
agglutinate red blood cells as well or as massively as the influenza nrus 
or the smne nrus, 4 ml of packed cells per 100 ml were used After 2 
minutes of adsorption and stirnng, the bottles were immersed m cracke 
ice for 10 minutes, and then the massed cells were rapidly sedimented a 
400 g in the honzontal centnfuge The supernatant fluids were sjTihon 
off and discarded The cells from four bottles w ere w ashed into one wit 
200 ml of chilled Ringer’s solution and resedimented at 400 g 
w as then earned out at 25° m a volume of Ringer’s solution one-eig t or 
one-tenth that of the starting chonoallantoic fluid 2 to 3 hours of e u ion 
were sufficient for recover} of the influenza viruses A and B, u 
elution penod required for the swine r irus w as 4 to 6 hours 



A R TAILOR 


677 


The eluates, after removal of the gross quantity of red blood cells, -a ere 
spun m the angle centnfuge at 2000 g to free them of cell ddbns The 
bnght, opalescent eluates were then paiceled in 15 ml collodion ultra- 
centnfuge tubes and spun foi 1 hour at 20,000 g in the quantity ultra- 
centnfuge The supernatant fluids were pouied off, the inside walls of the 
tubes iwped with gauze, and the clear, gel-hke pellets dissolved in Emger- 
calcium chloride solution, adjusted to pH 7 3 (with 0 01 n NaOH) The 
concentration at which the pellets were taken up was 75 to 150 times -mth 
respect to the volume of the starting flmd, depending upon the yield 
The concentrates were cleared of extraneous particles and aggregates by 
spinmng at 5000 g in the ultracentnfuge for 5 minutes 
The 50 per cent point infectious umts of concentrates of the respective 
types of the virus, when inoculated in 0 05 ml volumes m chick embryos of 
11 days incubation, were influenza virus A, 10“’^ ■*, influenza virus B, 
10~” and sivine influenza virus 10~’^ gm of virus per inoculum The 
corresponding hemagglutmative activities were such that 10“® * of influenza 
virus A, 10^ * of influenza virus B, and 10“* ^ gm of the swme influenza 
virus gave the 2+ end-point 

The concentrates selected for analysis exhibited a single, slightly diffuse 
boundaiy in the analytical ultracentnfuge and a high degree of umformity 
of particle kind when exanuned in the electron microscope 
Qualitative Examination of Concentrates — The final concentrates of the 
three types of virus containing 2 0 to 5 0 mg of virus per ml were bluish 
and opalescent In the highei concentrations a marked yellow tint was 
observed with transnutted hgh't Solutions of the swine influenza virus 
have consistently appeared to be clearei and have exhibited a bnghter 
opalescence than those of the two human types in comparable concentra- 
tions Solutions have stood for long periods at 2-5° (3 to 4 months) 
without visible change or alteration m sedimentation characteristics and 
appearance in electron micrographs 
Concentrates heated gradually (2° per minute) in the w'ater bath co- 
agulated at 56-60°, the solution becoming at first opalescent and then very 
curdy The coagulum was insoluble in water, 0 9 per cent sodium chlonde 
solution, dilute HCl (0 1 n), and dilute NaOH (0 1 n) The coagulum 
remained insoluble also in 2 n NaOH, even with prolongei^heating at 100 
The usual protem tests, biuret, xanthoproteic, mnhydnn, and Millon’s, 
w ere positive The Mohsch test in all cases was imtially negative, but with 
hydrolysis, on standing, bound carbohydrate was freed, rendering the test 
positive Positive tests for pentose with orcinol and sulfuric acid and with 
Bial’s reagent were obtained for the three types of virus The Bial s test 
was negative, however, after hydrolysis with 10 per cent sulfunc acid 
The Schiff test was positive, but little sigmficance can be attached to this. 
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Since the virus contained hpids (positive acrolein test) as veil as pentoses 
The glyoxyhc acid reaction was negative 

Dialysis against distilled water resulted in precipitation and loss of 
hemagglutinative activity of the virus The salt-free materials frozen and 
dned %n vacuo were insoluble in 0 9 per cent sodium chlonde and Ringer’s 
solution 

Quanlitalive Analysts — Concentrates obtained from large pools of starting 
matenal, as descnbed above, and consisting of 100 to 200 mg of the respec 
tive types of virus, were dialyzed against runmng distilled water at 2-5° 
for 72 to 96 hours The matenals were then frozen ivith dry ice and 
dehydrated tn vacuo from the frozen state The analytical methods used 
ivill be given in detail in the description of the analysis of the influenza 
virus A The influenza virus B and the swme influenza virus were treated 
in an identical matmer The results of elementary and constitutional 
analyses of the inrus and fractions are given in Table I 

Analyses for carbon, mtrogen, and phosphortis were made on the whole 
virus complex For this, samples of 5 to 7 mg of the frozen and dned 
whole virus complex were weighed into small Pyrex boats After the 
matenal was dned to constant weight at 40° over P2O5, the weights were 
taken in closed weighing bottles Carbon was determmed by wet com- 
bustion (6), mtrogen by the semimicro-Kjeldahl method with the digestion 
mixture descnbed by ICirk, Page, and Van Slyke (7) and 0 01 N HCl for 
collection of the distillates and 0 01 n NaOH for titration, and phosphorus 
by the method of Kirk (8) 

Fracltonaiton with Lipid Sobcpts — Samples of about 50 mg of whole virus 
were dned to constant W'eight as descnbed above The dned sample was 
transferred to a 40 ml extraction tube which was fitted by means of a 
ground glass connection to a Graham condenser and allowed to reflux for 
2 hours with 20 ml of a imxture of absolute alcohol (3 parts) and ethyl 
ether (1 part) All lipid solvents were freshly distilled withm a few days of 
use The extract and all of the alcohol-etber-msoluble matenal were 
transferred quantitatively to a tared antered glass crucible eqmpped with a 
suction lead and a ground glass joint fitting mto a 50 ml volumetnc flask 
The extraction tube was washed wnth successive portions of alcohol ether, 
which w'ere then drawn through the precipitate m the smtered glass crucible 
into the flask The alcohol-ether-insoluble fraction was dned to constant 
weight on the crucible for analysis, as descnbed in a subsequent section 

A 5 ml ahquot of the 50 ml alcohol-ether-soluble fraction was transferr 
to a tared weighing bottle, evaporated, and the dry weight determin 
From this value the percentage by w'eight of the alcohol-ether-so u e 
matenal was found The carbon of the alcohol-ether-soluble raatena 
determined in 1 0 ml aliquots and mtrogen w as determined m 5 
aliquots, according to the method of ICirk, Page, and Van Slyke (7) 
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Table I 


Chemical Analysis of Influenza Firuscs A (PRS Strain) and B {Lee Strain) and Sicine 

Influenza Virus 



Infiuenxa virus A ' 

Influenza virus B 

Swine influenza 
virus 

Per cent 
of whole 
complex 

Per cent 
of 

fraction ' 

Per cent 
of whole 
complex 

Per cent 
of 

fraction 

Per cent 
of whole 
complex 

Per cent 
of 

fraction 

VTiole virus com- 

Carbon 

S3 2 


52 7 


51 4 


plex 

Nitrogen 

10 0 


9 7 


9 0 



Phosphorus 

0 97 ; 


0 94 


0 87 



Carbohjdrate (as 

12 5 : 


13 1 


10 0 



glucose) 








Desoxynbonu- 

2 1 


3 7 


-b 



cleic acid 







Alcohol-ether- 

By weight 

32 4 


30 0 


30 1 


soluble frac- 

Carbon 

19 1 

59 0 

18 3 

61 0 



tion 

Nitrogen 

0 86 

2 65 

0 73 

2 43 




Carbohydrate* (as 

7 1 

21 8 

7 7 

25 8 




glucose) 








Non-lipid material 

8 79 

26 5 

7 0 

23 0 

6 1 

20 0 

Petroleum ether- 

Total lipid by 

23 8 


23 0 




soluble frac- 

weight 







tion 

Total lipid by 

23 4 


22 4 


24 0 



analysis 








Carbon 

17 2 

72 3 

16 0 

69 6 

17 7 

73 8 


Nitrogen 

0 74 

3 1 

0 49 

2 13 

0 43 

1 86 


Phosphorus 

0 48 

2 0 

0 48 

2 10 

0 45 

1 95 


Phospholipid 

11 3 

48 3 

11 23 

50 6 

10 67 

44 4 


Cholesterol (total) 

7 0 

30 1 

3 68 

16 4 

5 7 

23 6 


Neutral fat 

5 1 

21 6 

7 17 

32 0 

7 7 

32 0 

Non-lipid frac- 

Alcohol-ether-in- 

68 5 


69 4 


71 6 


tion 

soluble 








Total non-lipidt 

77 5 


76 4 


77 6 



Carbon 

33 3 

48 6 

33 2 

47 8 




Nitrogen 

9 17 

13 4 

9 10 

13 1 

8 78 

11 3 


Phosphorus 

0 47 

0 68 

0 42 

0 60 

0 48 

0 62 


Carbohydrate (as 

7 3 

10 7 

9 42 

5b 




glucose) 








Desoxynbonu- 

1 51 

2 20 

1 21 

1 75 

+ 



cleic acid 





! 



All values are in per cent of the dry weight of the whole coraplev or fraction 


* Very labile, see the tevt , , , , , 

t Sum of the alcohol-ether-insoluble material and the alcohol-ether-soluble non- 
lipid material 

To separate the true lipid from the non-hpid alcohol-ether-soluble 
matenal, a 25 ml aliquot of the alcohol-ether e\tract was transferred to a 
beaker, evaporated at 58°, and evtracted wth redistilled petroleum ether 
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which had been washed wth concentrated sulfunc acid The petroleum 
ether extract was then filtered into a 25 ml volumetnc fiask A 5 ml 
aliquot of the extract was transferred to a tared neighing bottle, and the 
dry n eight of the true lipid (petroleum ether-soluble) fraction determined 
From this value the total true lipid by weight was found, and by subtraction 
the amount of non-Iipid matenal in the alcohol-ether-soluble fraction i\as 
calculated 

1 ml ahquots of the petroleum ether-soluble fraction were evaporated to 
dryness over the n ater bath, and the total true hpid carbon n as determined 
by combustion manometncally according to lOrk, Page, and Van Slyke (7) 
and Van Slyke and Folch (6) Lipid mtrogen was determined by the 
method of Kirk, Page, and Van Slyke (7) Analysis for phosphorus was 
made by the method of ICirk (8) 

Total cholesterol was determined (7) on the alcohol-ether extract For 
this 4 0 ml ahquots of the alcohol-ether-soluble fraction were saponified 
for 2 5 hours at 85° by the addition of 1 0 ml of saturated alcoholic solution 
of NaOH The saponified matenals were extracted with petroleum ether, 
and the extracts weie collected m a 25 ml volumetnc flask Cholesterol 
was precipitated as the digitomde fiom 10 ml ahquots of the extracts, 
collected and w ashed on filter sticks, and the carbon dioxide of the digi 
tomde-cholesterol complex was determined manometncally 
The phospholipid content was calculated from the value obtained for 
hpid phosphorus determined in the petroleum ether extract 
The total hpid by analysis and the neutral fat w ere estimated from the 
values of total hpid carbon, phospholipid, and cholesterol, as descnbed by 
Kirk, Page, and Van Slyke (7) 

Carbohydrate — The results of the Mohsch tests show ed the presence of 
bound carbohydrate released onl 3 ’’ after hydrolj'sis The presence of 
pentose was evident from the positive test with oremol and sulfunc acid 
and with Bial’s reagent After hj'drolysis with 10 per cent sulfunc acid, 
the Bial’s test became negative, indicating that the carbohydrate (pentose) 
detected was desoxypentose No evidence was seen of nbose 
Total carbohydrate of the whole virus complex was determined bj meaM 
of the orcinol and sulfunc acid method (9), with glucose as standard a 
the case of influenza virus B (Lee strain) carbohydrate was determine 
also by the carbazole method (10) Total carbohydrate was determine 
also on the alcohol-ether-soluble fraction, and on the alcohol-ether mso u e 
matenal (non-hpid fraction) pj 

Nucleic Acid — ^The occurrence of desoxypentose suggested the 
nucleic acid of the type contaimng this sugar Analyses w ere ma e or 
content of desoxynbonucleic acid in the whole virus complex an , 
non-hpid fraction For this the diphenylamine reaction of Disc e 
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^\as used wth the piecautions described by Seibert (12) and by Snell and 
Snell (13) The standard for companson uas a preparation of thymo- 
nucleic acid containing 9 4 per cent phosphorus 
Exlraclton of Achvc Purified Virus Concentrate with Petroleum Ether — 
An experiment was done in order to establish whethei or not the hpid 
portion of the virus uas an integral part of the whole complex A con- 
centrate containing 40 mg (Kjeldahl N X 10 0) of influenza virus A in 
Einger-calcium chlonde solution was divided into two portions, 6 ml for 
extraction and 4 ml for the control One of these was extracted five times 
successively at 25° wth 6 ml poi tions of freshly redistilled petroleum ether, 
prevuously washed with concentrated sulfunc acid The virus solution 
and each portion of petroleum ether were shaken together in a test-tube 
with a whirling motion For the first extraction, shaking was continued 
for 15 minutes and for the others 5 minutes each The emulsion formed 
dunng the extractions was broken by light honzontal centrifugation The 
petroleum ether layer was carefully S3T5honed into a 25 ml volumetnc 
flask wth gentle suction Most of the excess petroleum ether w as draw n 
off from the extracted sample by evacuating it several times to the point 
at which the virus solution began to bubble There was httle, if any, 
difference in the appearance of the ex ti acted and unextracted samples 
Samples of the extracted and the control materials were titrated for 
infectivity for chick embryos and for hemagglutinative activity, and w ere 
examined by the scale method in the analytical ultracentnfuge The 
petroleum ether extract was made up to 25 ml (some of the petroleum 
ether was lost by evaporation in the mampulation), and the lipid carbon in 
10 ml aliquots was determined manometncally 
The amount of lipid extracted in this manner represented 0 34 per cent 
of the whole virus complex If the total lipid content of the virus is taken 
as 24 per cent (Table I), the amount of lipid extracted directlj wath 
petroleum ether constituted 1 4 per cent of the total hpid The hemagglu- 
tinative capacity of the petroleum ether-extracted virus was 30 per cent 
less than that of the control material, w’hile the infectivity of the extracted 
vuTis dechned approximately one 5-fold dilution Definite, though not 
pronounced, change in the physical character of the virus w as seen in the 
sedimentation diagram, which showed a greater spread m the sedimenting 
boundary after extraction with petroleum ether There was no change in 
sedimentation constant 


DISCUSSION 

The results of the analyses of the three types of influenza i irus are gi\ en 
in Table I On all of the samples chosen for studv, axaminations were 
made with the analytical ultracentnfuge, the Lamm scale method b 
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used, and with the electron microscope The results mdicated a high 
degree of homogeneity of the preparations ivith respect to particle kind 
These data obtained on ultracentrifugation and ivith the electron micro- 
scope ivill be descnbed in detail m a subsequent publication" It was 
apparent, therefore, that the findings of chemical analysis represented the 
properties of the influenza viruses It should be emphasized that the 
matenals studied were obtained in relatively small quantities by carefully 
controlled punfication procedures, and that no specimen inhomogeneous 
by the methods descnbed was included 
From the results tabulated, the three types of influenza virus appeared 
closely similar in general constitution In each case the punfied com 
ponents were readily separable into two fractions, a lipid constituent 
soluble in petroleum ether and another which was insoluble in petroleum 
ether The proportions of these fractions were sinular for the three types 
In view of the proportion of hpid and non-hpid matenal found m pre- 
himnary analysis of the matenals, the contents of carbon and nitrogen in 
the whole virus complex at first appeared low With the subsequent 


finding of the unexpectedly high content of carbohydrate in the whole virus 
complex, both carbon and mtrogen values were observed to be compatible 
ivith the determined proportions of hpid, non-hpid, and carbohydrate 
constituents With the finding of this quantity of carbohydrate, however, 
the non-hpid phosphorus content of the whole virus complex became at 
once incompatible with the concept that the carbohydrate was bound m 
nucleic acid, which has been the case for other ammal and plant viruses 


examined In this relation, if all of the non-hpid phosphorus of the whole 
virus were contamed in nucleic acid, the content of carbohydrate with it 
would not be more than about 3 per cent This quantity would represent 
only 25 per cent of the carbohydrate found m the whole virus complex 
Approximately hke proportions of alcohol-ether-so’uble and insoluble 
matenals were found under comparable conditions in each type of virus 
In addition to hpid, the alcohol-ether-soluble fraction contained a relative!} 
large amount of carbohydrate, a constitution compatible with the carbon 
value obtained for this fraction That most of the petroleum ether 
insoluble matenal of the alcohol-ether-soluble fraction was carbohjmae 
was mdicated by the fact that the percentages of the fractions calcu a^e^ 
from the carbohydrate determinations were close to those obtained ny 
differences in the weights of the respective alcohol-ether and petro eum 
ether-soluble fractions The alcohol-ether-soluble mtrogen 
higher than those obtained for the petroleum ether-soluble frac lo 


1 Sharp, D G , Taylor, A R , McLean, I W , Jr , Beard, D , and Beard, J 
preparation 



\ H TAYLOR 


683 


This could be attnbuted either to the presence of amino acids m the alcohol- 
ether-soluble fraction or to the possibihty that mtrogen was present in the 
carbohydrate It was also possible that dunng the alcohol-ether extraction 
nucleic acid was broken doivn, since the nucleic acid values obtained for 
the alcohol-ether-insoluble fraction were lower than those obtained for 
the whole complex 

The possibihty of loss of nucleic acid in extraction with alcohol-ether 
ivas supported more directly in other experiments When 5 0 ml ahquots 
of the alcohol-ether-soluble fractions of influenza \uruses A and B were 
evaporated to dryness and carbohydrate determination attempted with 
sulfunc acid and orcmol, the acid solutions became yellow m color as soon 
as the cold acid and samples were mixed Upon addition of orcmol and 
heatmg in the ivater bath at 100° for 10 minutes, the color developed very 
rapidly in contrast to the usual slow development of color with samples 
of the whole virus and of the alcohol-ether-insoluble fraction It wall be 
noted that the sum of the carbohydrate values for the alcohol-ether-soluble 
fraction and the alcohol-ether-insoluble fraction was greater than the 
values obtained for the whole virus complex It was obvious that the 
carbohydrate in the alcohol-ether-soluble fraction was much more labile 
than that in either of the other two fractions, or that other substances 
giving color ivith orcmol were mterfermg wath the reaction DesoxjTibose 
IS an extremely labile carbohydrate Gunn and Hood (10) found that, 
when samples of desoxynbose were mixed with sulfunc acid, an intense 
yellow color was produced They found also that contamination of nbo- 
nucleic acid with small quantities of desoxynbonucleic acid gave nse to 
high carbohydrate values for the former 

The petroleum ether-soluble or true hpid fractions of the influenza virus 
A and the swme varus constituted approximately the same percentages of 
these two viruses The mfluenza nrus B tended m general to give lower 
values for hpid, as indicated 

That practically all of the hpid was an integral part of the virus complex 
was indicated by the results of extraction of the whole wet virus wath 
petroleum ether, since only a ver 3 '^ small proportion of hpid matenal was 
removed by the procedure At the same time some mactivatioil was 
observed, and it was thus possible that the small quantity of fat obtained 
came from degraded virus particles and was itself a part of the virus com- 
plex If the hpid were associated wath the virus as an impurity w hich was 
earned through the purification process or was in loose umon (adsorbed on 
the particles), extraction wath petroleum ether w ould be expected to remoi e 
it It would appear that the hpid associated wath the larus, in all cases in 
defimte proportions in petroleum ether extracts of the alcohol-ether-soluble 
matenal, was actually bound in chemical umon as a part of the complex. 



684 


INFIitJENZA VIRUSES 


Since it was only by drastic treatment with alcohol-ether that it v?as 
removable 

Examination of the petroleum ether-extracted concentrate in the 
analytical ultracentnfuge revealed a slight increase in particle hetero 
geneity, though there w as no change in sedimentation constant It should 
be noted that any marked change in the hpid content of the virus in this 
preparation would be expected to result in considerable change in the 
sedimentation constant More pronounced endence of change in the 
virus due to exposure to the petroleum ether w as seen in the decline of 
biological activity 

The cholesterol content of the influenza virus B w as definitely loa er than 
that of the other two types This low cholesterol content was further 
substantiated by analysis of another alcohol-ether fraction of influenza 
anrus B, which gave a value of 4 2 per cent cholesterol The phospholipid 
of the sivine virus appeared to be significantly low er than that of the other 
two types, and this is reflected in the phosphorus values of the respectne 
total virus complexes The vanations in neutral fat were natural reflec 
tions of the vanations in phospholipid and cholesterol 

The atoimc ratios of mtrogen to phosphorus in the lipid fractions were of 
interest The influenza virus B and the swine \urus contained 2 atoms of 
lipid nitrogen to 1 of phosphorus, indicating the presence of a diamino 
monophosphatide This w as amilar to the findings wuth the Eastern (14) 
and Western^ strains of eqmne encephalomyelitis Mrus and was in direct 
contrast to the findings with the normal chick embryo component (15), 
and the elementary bodies of vaccuua (16) , w hich contain Lpid mtrogen and 
phosphorus in a 1 1 latio The hpid mtrogen of the influenza virus A was 
higher than that of either of the other tw o tjTpes Whether or not this 
represented a different type of phospholipid w as not further investigated 
The mtiogen \alue for the petroleum ethei -soluble fraction of the swine 
virus was somewhat lower than that found for the other two t 3 pes, a 
finding consistent with the elementary analy sis of the w hole swine nrus an 
the content of phosphohpid 

The alcohol-ethei -insoluble fractions contained 68 5, 69 4, and 71 6 pcf 
cent of the three U^ies of influenza virus To these values w ere adde t e 
differences in the weights of the respective alcohol-ether-soluble an 
petroleum ethei -soluble fractions, giving values which were expresse 
total non-lipid matenal These percentages, 77 5 for influenza ’ 

76 4 for influenza varus B, and 77 6 for the swane varus, 
combined protein-carbohydrate matenal If the 
varus carbohydrate are subtracted from these values, an estuna e ° 
probable protein content of the respective ty pes is obtained r ese 

- Taylor, A R , Sharp, D G , Beard, D , and Beard, J W , unpublished d 
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A\ ould be 65 0 per cent for influenza virus A, 63 6 per cent for influenza 
\ irus B, and 67 6 per cent for the smne influenza virus 

In the present work no evidence has been seen of the piesence of ribose 
Qualitatne tests have been mvaiiablj' positive for desovypentose and 
desovypentose- or thymonucleic acid \s stated in previous communica- 
tions, the non-lipid phosphorus content would represent 4 3 to 5 0 per cent 
of nucleic acid if all of this phosphoius were present in the form of nucleic 
acid The content of desoxj ribonucleic acid in the ivhole virus, as deter- 
mined by the diphenylamme leaction, fell considerably belou these a alues 
In addition, the percentages of desoxyribonucleic acid found in the alcohol- 
ethei -insoluble fiaction are markedly below those obtained on the whole 
\ uus complex In the case of the swane virus, quantitative determination 
was not made, but the test for thjmonucleic acid was positive It was 
pointed out above, undet the discussion of the alcohol-ether-soluble fraction, 
that carbohydrate in a labile form was apparently freed from the yarns 
complex dunng the extraction wath alcohol-ether It y\ as also noted that 
desoxynbose in the free form reacts y\ath carbazole and orcinol in such a 
manner that it gives an intense color and high values The carbohy drate 
y alues obtained y\ath orcinol foi the alcohol-etber-insoluble fraction, 
namelv 7 3 per cent for influenza yarns A and 9 4 per cent for influenza 
yirus B, yyere much higher than can be accounted for as carbohj drate 
piesent in the form of nucleic acid It yias eyadent that not onlj was 
much of the carbohydrate of the viruses present m complex form in a 
union other than wath nucleic acid, but also that there was a strong pos- 
sibility that a considerable proportion of the non-lipid phosphorus, as 
well, y\as not in the form of nucleic acid phosphorus With Schiff’s 
reagent, yvhich, in the absence of lipids and extraneous aldehydes, is 
considered specific for thjanonucleic acid, the alcohol-ether-insoluble 
fiaction of the influenza yarns A gay'e a weakly positiy'e test 

The nature of the cai liohy drate in the influenza yams other than that 
bound as desoxynbose in nucleic acid has not been determined When 
extinction coefficient ratios (esjo « 5 io) yyere obtained by the carbazole 
method according to Gunn and Hood (10), values of 1 28 and 1 35 resulted 
for influenza yams B This suggested the possible presence of mannose or 
glucose-galactose in complex form, or both The mucic acid test yyas 
positive, giving a further indication of galactose 

SUMMARY 

Elementarj and constitutional analyses yvere made on punfied influenza 
virus A (PR8 strain), influenza y uus B (Lee strain), and the swme influenza 
vims The respective particulate matenals were found to be essentiallj 
similar complexes of protein, lipid, and carbohj drate, containing sma 



686 


INFIiTIENZA VIRUSES 


amounts of nucleic acid of the desoxynbose type Small differences ivbch 
appeared significant were observed in the total lipid and in the proportions 
of the lipid constituents The total lipid content of the influenza virus A 
and the swine influenza virus was approximately the same, 24 per cent of 
the whole complex The influenza virus B consistently yielded lower total 
hpid values The phosphohpid content of the swme virus was definitely 
lower than that of the influenza virus A and influenza virus B The total 
cholesterol content of the influenza virus B was 30 to 40 per cent lower than 
the values obtained for the other two types The hpid obtained by 
fractionation of the dehydrated virus appeared to be an mtegral part of the 
virus complex, since only a very small amount of fat was obtained by 
extraction of fully active virus with petroleum ether Of especial mterest 
was the content of carbohydrate, which was much larger than could be 
accounted for in combination in nucleic acid 
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LETTERS TO THE EDITORS 


IDENTIFICATION OF FOLIC ACID AS ONE OF THE UNKNOWN 
DIETARY ESSENTIALS FOR GUINEA PIGS 


Sirs 

The recognition of three new dietary essentials required by guinea pigs 
m addition to the known vitamins was reported from this laboratory m 
1942^ and subsequently by others - Two of these factors were shown to be 
present m Imseed oil meal We now wush to report the successful substitu- 
tion of folic acid for one of the Imseed factors 

In attempts to isolate the factor GPF-2, it was found that this could be 
replaced by a mixture of cellulose and mcreased casern m the diet Smce 
concentrates of GPF-2 con tamed both fiber and protem, it was felt that the 
activity of the concentrates was due to the presence of these materials 
About this time Hogan and Hamilton® used cellulose, and Sober et al - 
recommended a high protem level m the diet of gumea pigs 

With GPF-2 supplied as known matenals, further attempts were made 
to isolate GPF-1 The basal ration contamed glucose 45 gm , vitamm-free 
casern (Labco) 30 gm , cellulose 20 gm , salts® 5 gm , and the vitamms as 
used previously ® Good growdh was obtamed on this ration plus solubilized 
liver extract (Wilson’s Fraction L*) Although this fraction was a nch 
source of folic acid, concentrates of folic acid prepared from it® were not 
effective per se Furthermore a fohc acid-free fraction prepared bj' treatmg 
Fraction L with lead acetate and nont likewise was meffective bj' itself 
However, the lead acetate-norit preparation plus the fohc acid concentrate 
permitted good growth and survival Fmally, through the courtes 3 o 


* Woolley, D W,J Bwl CTem , 143, 679 (1942) , ♦ ir 

= Sober, H A , Mannenng, G J , Cannon, M D . Elvehjem, C A , and Hart, H 

B , J Nulr , 24, 503 (1942) 

• Hogan, A G , and Hamilton, J W , / Nutr , 23, 533 (1942) 

< Phillips, P H , and Hart, E B , / Btol Chem , 109, 657 (1935) 

* We wish to thank Dr David Klein for gifts of this matenal 

• Hutchings, B L , Bohonos, N , and Peterson, W H , / Biol Chem , 141, - 
(1941) 
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Dr E L R Stokstad^ and Dr A D Emmett,® crystallme folic acid 
(vitamm B c) n as tested m place of the f ohc acid concentrate The cn stal- 
line vitamm proved effective (see the table) 

We regard folic acid to be identical with GPF-1, smce our previous prep 
arations of this factor* were rich m folic acid {Lactohaallus casei test) and 


Effect of FoUc Acid {FA) and Lead Acetale-Nonl Preparalton {LAN) from Solubilized 
Liver Extract on Growth and Survival of Guinea Pigs 


Addition to basal 

Amount added 

Folic 

acid 

1 

No of 
animals 

Sur- 

vivors 

after 

Avenjc 

sain 


cent ej toSion j 

1 per 

day 



r« . 

Pcrvi 

None . 


0 

11 

1 


Solubilized liver 

s 

10 

17 

17 

2o 

FA concentrate 


13 

5 



LAN 

Equivalent to 8 


12 

0 


FA Concentrate + LAN 

“ " 8 


11 

u 

28 

CrjBtalline FA -f LAN 

I " “8 

i 


4 

4 

23 


because concentrates of folic acid and finally the pure substance replaced 
the factor The lead acetate-nont preparation may be regarded as a con- 
centrate of the new dietary essential, GPF-3, for which Wilson’s Fraction 
L appears to be a good source ® 
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THE IMECHANISM OF FATTY ACID OXIDATION 

Sirs 

Despite considerable study the mechanism of the oxidation of fatty acids 
IS still obscure It occurred to us that mfomiation concemmg this problem 
could be obtamed bj stud 3 mg the breakdoi\n of a typical fatty acid (e g 
n octanoic) labeled bj'' the mcorporation of C'^ in the carboxyl group The 
distnbution of C'^ in the intermediate ketone bodies as predicted for the 
prevalent theones concemmg fattj' acid breakdoira are as follows 

/S oxidition theory C— C— C— C— C— C— C— C’OOH-iCH.COCHsCOOH 

Multiple alternate C— C— C— C— C— C— C— C”OOH^CH,COCHsC“OOH 
oxidation theory 

/3 oxidation-con- C— C— C— C — C— C — C— C“OOH^CH,C«OOH 
densation theory J, 

CH,C»OCH,C»OOH 

Accordmg to the (3 oxidation theory the ketone bodies are formed from 
the termmal 4 carbons of the fatty acid cham and hence would contam no 
excess isotope Accordmg to the multiple alternate oxidation h 3 "pothesis,' 
m which it IS presumed oxidation occurs at alternate carbon atoms pnor to 
sphttmg mto 4-carbon units, the resultmg acetoacetic acid should contam 
excess C*’ only m the carbox' 3 l group If the ketone bodies arise b 3 a 
random condensation of 2-carbon units fomied thiough p oxidation," the 
ketone bodies should contam the excess isotope distiibuted evenl 3 between 
the carbonyl and carboxyl carbons 

n-Octanoic acid contammg 5 5 per cent of m the carboX 3 1 group was 
mcubated ivith rat liver slices and the acetoacetic acid thus fonned broken 
dowm further by heatmg, accordmg to the equation, CHjCOCH.COOH = 
CH3COCH3 + CO2 

The isotope content of each fraction was determmed by anab sis m the 
mass spectrometer (a commercial mstniment manufactured b 3 the Con- 
solidated Engmeermg Corporation) The x alues obtamed, compared with 
those predicted by the three theones mentioned abox'e, are showTi m the 
accompan 3 ung table In adjommg columns are given the actual percent- 
ages and the excess over the normal complement of C**, which for our 
mstniment was found to be 1 04 atoms per cent 
The results clearb indicate that at least in the In er the oxidation of fatti 

* Jowett, M , and Quastel, J H , Bwchem J , 29, 2159 (1935) 

•MacKay, E M , Wick, A N , Came, H O , and Barnes, CP,/ Biol Chan , 
138, 63 (1941) 
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acid proceeds by a mechanism mvolvmg splittmg mto 2-carbon fragments, 
followed by condensation to the ketone bodies This mvestigation is being 
contmued ivith other tissues and other fatty acids 
We wish to acknowledge with thanks the generosity of H C Urej m 
supplymg us with a substantial amount of one of his carbon isotope con 


Distnbulion of C** in Aceloacelic Actd Formed by Breakdown of Carboxyl-LaheUd 

n-Octanotc Acid 


content, atoms per cent* 



Acetone 

j Carboxyl 


1 Excess 1 


Excess 

Observed 

1 34 


1 89 

0 85 

p oxidation-condensation theory 

1 41 

0 37 

2 14 

1 10 

Multiple alternate oxidation theory 

1 04 

0 

3 24 

2 20 

P oxidation theory 

1 04 

0 

1 

1 04 

0 


* The C” content la expressed as atoms per cent calculated from the equation 


Atoms % C*’ 


moles 

moles C** + moles C“ 


X 100 


centrates without which this work would have been impossible We also 
express our thanks to the Houdry Laboratories of the Catalytic Develop- 
ment Corporation of Marcus Hook, Pennsylvania, for its active collabora 
tion 
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N-HYDROXY-a-AMINO ACIDS AS POSSIBLE INTERMEDIATES 
IN THE OXIDATIVE DEGRADATION OF a-AMINO ACIDS 

Sirs 


Both Knoop' and Neubauei^ assumed that the oxidative degradation of 
a-ammo acids to a-keto acids mvolved only one step, namely the direct 
formation of a-hj'dro\y-a-ammo acids, which on loss of ammonia yield the 
a keto acids Later, Wieland and BergeP advanced the theorj^ that the 
a-ammo acids are dehydrogenated to a-imino acids, ivhich on hydration 
are converted mto the a-hj'droxj -a-ammo acids Another possibility is 
that a-ammo acids are oxidized to N-hydrox 3 '-a-ammo acids, the latter 
then losmg the elements of v ater to give a-immo acids 


-bO(Knoop, Neubauer) 


RCCHICOOH RC(H)COOH 

I ■T'-'. I 


NH 


NHOH 


-H.O 


1 

RCCOOH RC(OH)COOH 

II — I 

NH NH, 

_J 


— 2H (Wieland) 


RCOCOOH 

+ 

NH, 


N-Hydrovy-df'/J-phenylalanme was prepared according to Traube ^ 
Mp 164—165°, decomposition (corrected), Traube found 15/-158° 
Analysis, calculated, C 59 66, H 6 12, found, C 59 74, H 6 16 YTien heated 
vath 2 equivalents of aqueous 0 1 n hydrochloric acid, it decomposed to 
phenylacetaldeh>de, carbon dioxide, and ammonium chlonde Hovever, 
vhen treated with acetic anhydride and pyndme, it lost its N-h 3 dro'v\d 
group together ivith the a-hydrogen atom md gave a-acetunmo-^-phen}’’!- 
propionic acid m the form of the tautomeric a-acetammocinnamic acid in 
accordance with the scheme. 


— CH,— HC— 

I 

HON— 


-CH.— C— 

II 

N— 


— CH=C- 

I 

HN- 


» ICnoop, F , Z physiol Chem , 67, 498 (1910) Knoop, F , and Kertess, E , Z 
physiol Chem , 71, 261 (1911) 

* Neubauer, O , and Fromherz, K , Z physiol Chem , 70, 338 (1910-11) 

® Wieland, H , and Bergel, F , Ann Chem , 439, 196 (1924) 

* Traube, W , Ber chem Gcs , 28, 1794, 2301 (1895) 

691 



692 


LETTERS TO THE EDITORS 


Rapid N-acetj lation followed by azlactone formation prevented decarbox- 
ylation of the N-hydroxy-a-ammo acid or of the a-immo acid 
Acetic anhx dnde (20 gm ) xvas added to a suspension of N-hydro\j df-jS- 
phenylalanine (3 62 gm ) m pyndme (20 gm ) There xvas an immediate 
leaction The solution xvas heated to 90° for 4§ hours and evaporated to 
drj ness undei reduced pressure The azlactone was dissolved m boiling 
67 per cent acetic acid to open the rmg The reagent was distilled off under 
reduced pressure and the residue recrystallized from ethyl acetate Yield, 
65 per cent (2 67 gm ) of o-acetammocmnamic acid, m p and mixed ra p 
193° (corrected) This on boiling xvith 1 x hydrochloric acid yielded 
phenylpyruvic acid, in known fashion 
Thus the conveitibility of an N-hydroxy-a-ammo acid mto an a keto 
acid thiough the a-immo acid has been demonstrated m miro If N- 
hydroxy-a-amino acids are the actual precursors m the oxidative deamina- 
tion of a-ammo acids, the oxidative deaminase xvould be dehjdrative as 
xxell 

The xvork on N-hydroxy-a-amino acids is being contmued 

Department of Bioche7nisiry Robert E Steiger 

College of Physicians and Surgeons 
Columbia University 
Aew York 
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and du Vigneaud, 495 

N Hydroxy-a , a armno acid degra- 
dation, Steiger, 691 

I , oxidase, Proieue vulgaris, Stumpf 
and Green, 387 

Utilization, chick, Kralzer, 237 

Amlnobenzolc acid p-, derivatives and 
analogues, antibacterial action, John- 
son, Green, and Pauli, 37 

— , determination, Clostridium aceto 
bulylicum use, Lampen and Peter- 
son, 193 

Amino nitrogen Urine, determination, 
copper method, Albanese and Irby, 

583 

Ammonia o Ammo acids, determination, 
ninhydnn use, MacFadyen, 507 
Anemia Phenylhydrazme, Carlivngkt, 
Wintrobe, and Humphreys, 171 
Pyridoxine deEciency, Cartwright, 
Wintrobe, and Humphreys, 171 
Asparagine Nicotinamide isolation, Bo- 
varnick, 1 

B 

Bacteria p Ammobenzoic acid action, 
Johnson, Green, and Pauli, 37 
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Bacterium See also Clostridium, Proteus 
vulgaris 

Bile Cholate determination, photo 
metric, Irvin, Johnston, and Kopala, 

439 

Blood Cholate determination, photo- 
metric, Irvin, Johnston, and Kopala, 

439 

Coagulation, 4 hydroxycoumarm group, 
effect. Overman, Slahmann, Huebner, 
Sullivan, Spero, Doherty, Ikawa, 
Graf, Roseman, and Link, 5 

Extravascular fluid and, exchange 
rates, Merrell, Gellhom, and Flexner, 

83 

Sodium, extravascular fluid and, ex- 
change, Merrell, Gellhom, and Flex 
ner, 83 

Blood plasma Choline determination, 
microbiological, Luecke and Pearson, 

259 


Blood serum Albumin, coagulation, heat, 
Ballou, Boyer, Luck, and Lum, 589 
a Globulin, normal and hypophysecto 
mized rats, Moore, Levin, and Lea 


them, 349 

Iodine, protein bound, determination, 
colorimetric, Talbot, Butler, Saltz- 
man, and Rodriguez, 479 

Proteins, determination, refractive in 
dex use, Sunderman, 139 

Brain Fructose oxidation, in vitro, 
Klein, 

Butyrate Oxidation, liver enzymes, 
Leloir and Munoz, 53 


C 

Calcium Carcinogenesis, epidermal, 
methylcholanthrene induced, Sunt- 
zeffandCarruthers, 521 

Carbohydrate (s) Metabolism, vitamin 
Bi deficiency, effect, Chesler, Horn- 
burger, and Himwtch, 219 

Precursors, fatty acid synthesis from, 
thiamine effect. Boxer and Stetten, 
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IKDEX 


Carbonylhemoglobln Adult and fetal, 
sedimentation constants and electro- 
phoretic mobilities, 4«derseJi, IVjI- 
son, and Menlen, 301 

, solubility, Wyman, Rafferty, 

and Ingalh, 275 

Carcinogenesis Epidermal, methylcho- 
lanlbrene induced ,potas3ium and cal - 
cium, SunUeff and Carruthers, 521 
Cardlollpln Acid, preparation and prop- 
erties, Pangborn, 343 

Castration Phosphatase, kidney, liver, 
and intestine, effect, KochaLian and 
Fox, 669 

Cellulose Methyl-, digestive tract, fate, 
Machle, Heyrolh, and II tlherup, 551 
Chittenden, Russell Henry Obituary, 
Lewis, 339 

Chloride Respiratory tract fluid, Boyd, 
J act son, MocLachlan, Palmer, Stev 
ens, and WhiUaher, 435 

Cholanthrene Methyl , carcinogenesis 
from, epidermal, potassium and 
calcium, Suntzeff and Carruthers, 

521 

Cholate(s) Bile, determination, photo- 
metric, Irvin, Johnston, and Kopala, 

439 

Blood, determination, photometric, 
Irvin, Johnston, and Kopala, 439 
Choline Blood plasma, determination, 
microbiological, LuecKe and Pearson, 

259 

Dietary, phosphatide choline turnover, 
effect. Boxer and Stetten, 617 

Kidney hemorrhage, effect, Patterson, 
Keevil, and McHenry, 489 

Phosphatide, turnover, dietary choline 
effect. Boxer and Stetten, 617 

Phosphoryl , metabolism Riley, 535 
Pneumococcus gron th, effect. Badger, 

183 

Urine, determination, microbiological, 
Luecle and Pearson, 259 

Citric acid Determination, micro , titra- 
tion, Pucker, 133 

Clostridium acetobutyllcum p Ammo 
benzoic acid determination, use, 
Lampen and Peterson, 193 


Clover Sueet, hemorrhagic disease. 
Overman, Slahmann, Huebner, Sul 
hvan, Spero, Doherty, Ikawa, Graf, 
Roseman, and Link, 5 

Coagulation Blood, 4 hydro\ycoumarm 
group, effect. Overman, Stahmann, 
Huebner, Sullivan, Spero, Doherty, 
Jhawa, Graf, Roseman, and Link 5 
— serum albumin, heat effect, Ballou, 
Boyer, Luck, and Lum, 5S9 

Copper Urine ammo nitrogen determina 
tion, use, Albanese and Irby, SS3 
Coumarln 4-Hydro\y , group, anticoagu 
lant, activity and chemical constitu 
tion. Overman, Stahmann, Huebner, 
Sullivan, Spero, Doherty, Ikawa, 
Graf, Roseman, and Link, 5 

Cystine Plant tissue, hydrolysis, 
Thomas and Hendricks, 313 


Deuterium 1(— )-Proline metabolism 

study mth, Stetten and Schoen 
hemer, 113 

Digestive tract Methylcellulose fate, 
Machle, Heyrolh, and Wtiherup, S51 
Dllodotyroslne Iodide, inorganic, con 
version from, tn vitro, goitrogenic 
substances, effect, radioactne iodine 
ns indicator, Franklin, Chaikoff, and 
Lemer, 131 

Dlketo-n-octanolc acid a,r , deriva 
tives, synthesis and metabolism, 
Lehmnger, 

— , metallism, Lehmnger, 

— , synthesis, ichninger, 5“ 

Dye Azo, kidney phosphatase, test, 

Menlen, Junge, and Green, 1 


zyme(s) Liver, butyrate ovidatiom 
Leloir and Munoz, 

Sehardmger, lodmat.on, biolog.^ 

Sef*'al"o Adenosmetriphosphatasc, 

Adenylpyrophosphatase, Ficm, 

oxidase, Myokmase, „ 

tidase, Phosphatase, Biboaucle 

ase. Uncase 
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Estradiol a , adsorption, chromato- 
graphic, Stimnid, 327 

Estrlol Adsorption, chromatographic, 
Sttmmcl, 327 

Estrone Adsorption, chromatographic, 
Sltvimcl, 327 

Extravascular fluid Blood and, exchange 
rates, Mcrrell, Gcllhom, and Flcxner, 

83 

Sodium, hlood and, exchange, Merrell, 
Gellhom, and Flexner, 83 

F 

Fat(s) Abdominal, a tocopherol deposi- 
tion and storage, Lnndberg, Bames, 
Clausen, and Burr, 265 

Fatty acld(s) Oxidation, mechanism, 
Wetnhouse, Medes, and Floyd, 689 
Peanut oil, Wtkoj^, Kaplan, and Ber 
man, 227 

Synthesis from carbohydrate precur- 
sors, thiamine effect. Boxer and 
Stelten, 607 

Ferrohemoglohin Ionic strength va 
lence, Barnard, 91 

Fetus^Carbonylhemoglobin, sedimenta- 
tion constants and electrophoretic 
mobilities, Andersch, Wilson, and 
Menten, 301 

— solubility, Wyman, Rafferty, and 
Ingalls, 275 

Flcin Activation, Winnick, Cone, and 
Greenberg, 465 

Folic acid Diet essential, guinea pig, 
Woolley and Sprtnee, 687 

Vitamin B,,, relation, Briggs, Luckey, 
Eliehjem, and Hart, 423 

— Bn relation, Briggs, Luckey, Elve- 
hjem, and Hart, 423 

Fructose Oxidation, brain, in mtro, 
Klein, 295 


G 

Globulin a , blood serum, normal and 
hypophysectomized rats, Moore, 
Leinn, and Leathern, 849 

Glucose Determination, Somogyi, pho 
tometric. Nelson, 875 


Glucuronic acid Synthesis, liver glyco 
gen, relation, Dzieunatkowski and 
Lems, 49 

Glutamic acid Nicotanamide isolation, 
Bovamick, 1 

Proteins, determination, Olcott, 71 
Glutathione Neissena gonorrhoeas 
grorvth, effect, ffoidd, 143 

Glycogen Liver, glucuronic acid syn 
thesis, relation, Dziematkowski and 
Lewis, 49 

Goitrogenic substance (s) Iodide, in 
organic, conversion tn mtro to thy 
roxine and diiodotyrosine, thyroid, 
effect, radioactive iodine as indicator, 
Franklin, Chaikoff, and Lemer, 151 
Gonadotropin (s) Denaturation, urea 
effect, Bischoff, 81 

Gonorrhea See also Neisseria gonor- 
rhoeas 

Growth Neisseria gonorrhoeas, gluta 
thione effect, Gould, 148 

Neurospora, pyrimidine nucleosides 
and nucleotides, effect, Loring and 
Pierce, 

Pneumococcus, choline effect. Badger, 

183 

Guinea pig Folic acid, diet essential, 
Woolley and Spnnce, 687 

H 


Heart Cardiolipin, acid, preparation and 
properties, Pangbom, 343 

Hemoglobin Carbonyl , adult and fetal, 
sedimentation constants and elec 
trophoretic mobilities, Andersch, 
Wilson, and Menten, 301 

_ _ _ — , solubility, IPyrnan, 

Rafferty, and Ingalls, 275 

Ferro , ionic strength valence. Bar 
nard, 

Hemorrhage Kidnej, choline effect, 
Patterson, Keevil, and McHenry, 

4S9 


Sweet clover disease, Oierman, Stah 
mann, Hucbncr, Sulliian, Spero, 
Doherty, Ikawa, Graf, Roseman, and 
Link, ^ 
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Hydrazine Phenyl-, anemia, Carlwnght, 
Wtntrobe, and Humphreys, 171 
Tissue proteins, effect, Louts and 
Lewis, 381 

Hydroxy-a-amlno ffcld(s) N-, a am- 
ino acid degradation, Steiger 691 
Hydroxycomnarin group 4 , anticoagu- 
lant, activity and chemical constitu- 
tion, Overman, Stdhmann, Huehner, 
Sullivan, Spero, Doherty, llawa, 
Graf, Roseman, and Link, 5 

Hypophysectomy Blood serum a globu 
lin, effect, Moore, Levin, and Lea- 
thern, 349 

I 

Inanition Tissue proteins, effect, Louis 
and Lewis, 381 

Influenza Viruses, chemistry , Taylor, 

675 

Intestine Mucosa, peptidases. Smith and 
Berymann, 627 

Phosphatase, castration and testos 
terone propionate effect, Kochakian 
and Fox, 669 

Iodide Inorganic, thyroxine and di- 
lodotyrosine conversion relation, in 
vitro, goitrogenic substances, effect, 
radioactive iodine as indicator, 
Franklin, Chaikoff, and Lemer, 151 
lodlnation Biological, Schardinger en- 
zyme, Keston, 335 

Iodine Protein bound, blood serum, de- 
termination, colorimetric, Talbot, 
Butler, Saltzman, and Rodnguez, 

479 

Radioactive, inorganic iodide con 
version to thyroxire and dnodotyro- 
sine, in vitro, goitrogenic substances, 
effect, use as indicator, Franklin, 
Chaikoff, and Lemer, 151 

K 

Kidney Hemorrhage, choline effect, 
Patterson, Keevtl, and McHenry, 

489 

Phosphatase, azo dye test, Menten, 
Junge, and Green, 471 

— , castration and testosterone pro- 
pionate effect, Kochakian and Fox, 

669 


Leucine dl-, synthetic, purity, Hegsted 
and Wardwell, 167 

Lipid(s) Phospho 5ce Phospholipid 
Respiratory tract fluid, Boyd, Jackson, 
MacLachlan, Palmer, Steiens, and 
Whittaker, 4S5 

Lipoxidase Action, Balls and Ktes, 

337 

Liver Enzymes, butyrate oxidation, 
Leloir and Munoz, 53 

Glycogen, glucuronic acid synthesis, 
relation, Dziewialkowskt and Lewis, 

49 

Phosphatase, castration and testos 
terone propionate effect, Kochakian 
and Fox, 669 

M 

Methylceliulose Digestive tract, fate, 
Machle, Heyrolh, and Wiiherup, 551 
Methylcholanthrene Carcinogenesis 
from, epidermal, potassium and cal 
cium, Sunlzeff and Carrulhers, 521 
Mtcroorganlsm(s) Pyrogens, isolation, 
Robinson and Flusser, 529 

Mold See also Neurospora 
Myokinase Adenylp^Tophosphataseand, 
relation, Kalckar, 3o5 

Myosin Adenosinetriphosphatase ac 
tivity, Ziff and Moore, 653 

Electrophoresis and sedimentation, 
Ziff and Moore, 653 

N 

Neisseria gonorrhoeae Gronth, gluta 
thione effect, Gould, 

Neurospora Gronth, pyrimidine nu 
cleosides and nucleotides, 

Lonng and Pierce, 

Nicotinamide Asparagine, isolation^, 
Bovamick, 

Glutamic acid, isolation, BoiamicK, 
Nicotinic acid Determination, 

etric, Teen and Shimer, ' 

Ninhydrin Ammonia determination, a 
ammo acids, use, MacFadyen, 
Nitrogen Ammo -See Ammo mtro^o 
Isotopic, f(-) prohne ’ 

study n-ith, Slctten and Schoenheww^ 
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Nitrogen — conlinued 
Isotopic, purine metabolism, study 
with, Plcnll and Schocnhcimer, 203 
— , pyrimidine metabolism, study 
with, Plentl and Schocnhcimer, 203 
Metabolism, interrelationships. She 
min and RtUcnberg, 401 

Respiratory tract fluid, Boyd, Jackson, 
MacLachlan, Palmer, Stevens, and 
WhtUaker, 435 

Nuclelnase Bibo , biological material, 
determination, Bain and Ritsch, 659 
Nucleoside (s) Pyrimidine, Neuro 
spora growth, effect, Loring and 
Pierce, 61 

Nucleotlde(s) Pyrimidine, Neurospora 
growth, effect, Loring and Pierce, 

61 

O 

Obituary Chittenden, Russell Henry, 
Lems, 339 

Octanolc acid a,y-Diketo n , deriva 
tives, synthesis and metabolism, 
Lehninger, 561 

— , synthesis and metabolism, Lehn- 
inger, 561 

Oil Peanut See Peanut oil 
Oxidase 1-Amino acid, Proteus vulgaris. 
Slump/ and Green, 387 

P 

Peanut oil Fatty acids, Wikoff, Kaplan, 
and Berman, 227 

Penicillin Determination, turbidiraet- 
ric, McMahan, 249 

Peptidase (s) Intestinal mucosa, Smith 
and Bergmann, 627 

Perspiration Vitamins, water soluble, 
Sargent, Robinson, and Johnson, 285 
Phenol Metabolism in vitro, Bemheim 
and Bemheim, 369 

Phenylhydrazine Anemia, Cartwright, 
Winlrobe, and Humphreys, 171 
Phosphatase Adenosmetri , inactiva 
tion, reversible, Zi/f, 25 

— , myosin, Ziff and Moore, 653 

Adenylpyro , myokinase and, rela 
tion, Kalckar, 355 

Intestine, castration and testosterone 
propionate effect, Kochakian and 
Fox, 669 


Phosphates e — continued 
Kidney, azo dye test, Menlen, Junge, 
and Green, 471 

— , castration and testosterone pro- 
pionate effect, Kochakian and Fox, 

669 

Liver, castration and testosterone 
propionate effect, Kochakian and 
Pox, 669 

Phosphatide (s) Choline turnover, die- 
tary choline effect. Boxer and Slet- 
ten, 617 

Phospholipid (s) Turnover, radioactive 
phosphorus m study, Patterson, 
Keevil, and McHenry, 489 

Phosphorus Radioactive, phospholipid 
turnover, use m study, Patterson, 
Keevil, and McHenry, 489 

Tissue proteins, effect, Louis and 
Lewis, 381 

PhosphorylchoUne Metabolism, Riley, 

535 

Plant Cystine hydrolysis, Thomas and 
Hendricks, 313 

Sulfur fractionation, Thomas and Hen- 
dricks, 313 

Pneumococcus Growth, choline effect, 
Badger, 183 

Potassium Carcinogenesis, epidermal, 
methylcholanthrene induced. Sunt 
zeff and Carruthers, 521 

Proline f(— )-, metabolism, deuterium 
in study, Stetten and Schocnhcimer, 

113 

— , — , isotopic nitrogen in study, 
Stetten and Schoenhetmer, 113 

Protein (s) Blood serum, determina- 
tion, refractive index use. Sunder 
man, 139 

Bound blood serum iodine, determina 
•tion, colorimetric, Talbot, Butler, 
Saltzman, and Rodriguez, 479 

Glutamic acid determination, Olcott, 

71 

Tissue, hydrazine effect, Louis and 
Lewis, 3S1 

— , inanition effect, Louis and Lewis, 

381 

— , phosphorus effect, Louis and Lewis, 

3S1 
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Protens vnlgarls /-Ainino acid oxidase, , X 

StJ—pJ ard Gree^, 3S7 I _ 

PonaeCs) .MetaboJisni, iso'opic nitro- ! respite ,rt 

gea m studi. PlcnU crd Scfccr. i . f^t,F’^hrr<^nond F,dd, 

203 ! propionate PnO'-jh: 

’ Ti.e ^ , kidnev, liver, and intestine, d 

PjTidoxine Dcficicncv, accian, Ca-l- i , , ’ _ 

T, IT . 1 j T, , ' Aocrotran ard Fox, 

tmgl-!, Wtrlrolt, C’^d , ,1 ■ 

’ I'l Fattv acid svnfhe^s : 

Pyn^dineCs) >-=o'op.c ni- | ' 

trogen m stlId^, PWtl c-d 5c7o«- , ^ 

rcir'c', 203 . ‘ . 

, j , , from worcoDic iodide in ntn, 

Auclcosides, \n.TO’po~c rroivth, ef- , , , ir , 

c , r 3 n ‘ trogenic substances, effect, la^ 

, - ^ ® I tive iodine as indicator, Frc 

-Nuclwlides, Ar.-D5^ro grorrlh. ef- j ChaiHff, and Lcmor, 

feet 2^nrp ard Purer, 61 • xhyvoxme Iodide, morganic, conve 

Pxrogenfs) Micr^rganisms, isohtiM, froni,.n r.tro,Eoitrogenicsub.ta 

Pchna-cndni.su-, 520 j effect, radiroctne iodine as mdi< 

R ( pren/ lin, ChaiLoff, and Ltmer, 

_ _ , Tissue Kespiration, tn nlro, tem 

Pespiratlon Ticjue, in ntra, tempera- • eSect, Fuhrman and Field, 

turc effect, F„^rr-cncrdFieW. 515 \enom,DevlofcuandDuprat, 

Respiratory tract fluid Ch!o^de, Bo a, xecopberol a , abdominal fat, 1 
Jaclso-, VccLccHar, Pclr-r-, Ste-- > cition and storage, £und6frg, Ft 

ens, ord irfit'oler, 435 Clausen, and Burr, 

Lipid, Bold, Jackson, VceLcedlcn, Xjramine Metabolisminri/ro, Pen 
Palrc-,Stc-crs,crdrrnl'aleT, 435 and Bemheim. 


sition and storage, Lundberg, Sc 
Clausen, and Burr, 

Tjramine Metabo!isminri/ra,Pfn 
and Bemheim, 


Xitrogea, Bead, Jcelson, VceLceh- j Xvroslne Diiodo , iodide. 


lar, Pcli-e-, Sle-ens, c-d ITf 'laler, 

435 

Sodium, Bo -d, Jeefso-, VacLcc^lcn, 
Pair cr, S’e-erj:, ard H hitlcher, 435 
BJbonucIelnase Biological material, do- j 
termination, Boin erd Rajc5, 659 j 


comersion from, in iilro, goitro 
substances, effect, radioactiie r 
as indicator, Franllin, Cha 
and Lemer, 

I , metabolism m nlro, Bemheim 
Bemheim, 


Schardinger enznne lodination, bio- 
logical, Kfs'or, 335 


Urea Gonadotropin denaturation, el 
Bi'cApJ", 


Siin Carcinogenesis, metbilcholan- | Uric acid Lrine, determination, ur. 


thrcnc induced, potassium and cal 


use, Seho:ffer, 


AUUUVVUt LKJAili'ClUiA* i ' - . , 

cium, Surlcr^ erd CarrvtJ'frSf 521 j Uricase Vnne unc aci e 


Sodlnm Blood and extraatascular fluid. 


u=e, Schaffer, 


iLLUI Uiumi auu e.XlXa>a*C-UKM , , - - - 

exchange, Verrell, Gellhom, and j j 


Flexner, 33 

Respirilon tract fluid, Bovd,Jac}:son, 
MacLcchlan, Palr-cr, S'erens, and 
11 htlaker, 435 

Sulfur. Plant tissue, fractionation, 
Thor as and Hendnehs, 313 


copper method, j415anfse and 1 

Choline determination, microbio 
cal, LeucU and Pearson, 
line acid determination, uricase 
Schaffer, 
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V 

_n Toads, Dnilofcu and Diiprat, 

459 

Influenra, clicmistri , Taylor, 
075 

iln(s) Bi doficicncj , carboludrato 
ictabolism, olTcct, Chester, Horn 
'urger, and Ilimwich, 219 

,fo!ic acid relation, Dnggs, Luckey, 
jiltehgem, and Hart, ^23 


Vl(nmln(s)— con/tmicd 
Bio, nature, linggs, Luclcy, Flvchjcm, 
and Ifart, 423 

B„, folie acid relation, Briggs, Luclcy, 
Flvchgcm, and Hart, 423 

, nature, Briggs, Luckey, Elvehjem, 
and Uarl, 423 

Water soluble, perspiration, Sargent, 
Itobinson, and Johnson, 285 



